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Abstract 
In this study the ecology, biology and classification of the sea cucumber 
species of the Red Sea coast of Egypt and Gulf of Aqaba were examined in 
order to resolve some of the long standing question on the identification and 
classification of sea cucumber.  
The introduction of the new barcoding technique as a tool for sea cucumber 
identification was also tested in this study in order to assess its accuracy and 
potential of the technique in identifying Seacucumber individuals. 
 A total of 18 different (species) of Seacucumber were collected from the 
Egyptian coast and examined for both morphological and molecular 
characteristics.  One new species of Seacucumber were identified from the 
Egyptian coast of the Red Sea (Actinopyga.sp.nov). Cryptic species complex 
were also identified for the Holothuria atra population in the Red Sea using 
the molecular analysis of the mitochondrial COI gene.  
In this study another experiment were conducted in order to identify 
Seacucumber species from cooked or dried materials using the molecular 
techniques. As well as testing the possibility of using the DNA barcoding 
technique in order to identify badly/long period preserved museum 
specimens in order to try to identify the unknown specimens in the natural 
history museums around the globe.  
The use of the molecular DNA barcoding technique proves to be a good 
reliable method for Seacucumber ID; the technique was capable of resolving 
some of the standing taxonomic problems including the Holothuria 
fuscogilva /Holothuria nobilis species complex and the Pearsonthuria 
graeffei. The results also raised some questions about the classification of 
the genus Bohadchia and the Actinopyga crassa species in the Red Sea.  
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List of terms 
 This is an explanation for the terms used in describing the Holothuria and is based 
mainly on Clark & Rowe (1971) 
Ambulacra: The ambulacra is run in three ventral and two dorsal longitudinal bands 
between the mouth and the anus. 
 
Calcareous ring: An internal collar of plates just behind the mouth. This is composed of 
ten plates, five radials and five interradials. The arrangement is characteristic and is used 
in the taxonomy of Holothuria. 
 
Podia or tube feet: Cylindrical projections which arise from the body wall. They may be 
confined to the ambulacra or be irregularly scattered. 
 
Pedicels: Those tube feet on the ventral surface that have terminal suckers for adhesion, 
reinforced by a sieve-like plate. 
 
Papillae: The non-locomotory dorsal tube-feet which do not have the sieve- like plates.  
 
Spicules: Also called ossicles or deposits, spicules are characteristic of the class and of 
primary importance for identification. These are perforated calcareous bits of microscopic 
size. There is a wide variety of simple to complex shapes. Apart from the body wall, 
spicules are found in the tentacles, the podia, and also in the internal organs. The 
following kinds of spicules occur in the sea cucumber species of the Red Se . 
 
1) Anchors: anchor-shaped spicules made up of a shaft bearing the flukes or 
arms at one end, and a smaller stock at the other. 
2) Anchor plates: a perforated oval plate, which is always associated with 
anchors. Which have a well-arched bar or bridge at the posterior end, 
articulating with the associated anchor. Both anchors and anchor plates are 
restricted to the synaptidae. 
3) Buttons:  elongated two-dimensional spicules, perforated with holes which 
are normally arranged in pairs. 
4) Rods:  bar-like spicules, often branched. 
5) Rosettes: two-dimensional, perforated spicules, formed from branched 
rods and often similar to buttons, but the holes with various sizes.  
6) Tables: three-dimensional spicules with a perforated circular disc, from 
which arise 2-4 vertical pillars linked by transverse bars to form a spire.   
Tentacles: A specialized podia forming a single or sometimes double circle around the 
mouth, and modified for feeding 
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1.1-Concepts of Biological diversity 
There are at least 12 formal published definitions of biodiversity (Claridge, et al, 1997; 
Gaston and Spicer. 2004). Of these, perhaps the most important and far reaching is that 
contained within the Convention on Biological Diversity (CBD). The CBD was signed by 
150 nations on the 5
th
 of June 1992 at the United Nations Conference on Environment 
and Development held in Rio de Janeiro (Heywood, 1995.). The convention states that 
―"Biological diversity"  means the variability among living organisms from all sources 
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological 
complexes of which they are part; this includes diversity within species, between species 
and of ecosystem‖ (CONVENTION ON BIOLOGICAL DIVERSITY, 2001). 
From the definition above biodiversity refers to the variety of life forms: the different 
plants, animals and microorganisms, the genes they contain, and the ecosystems they 
form. Biological diversity is usually considered at three different levels: genetic diversity, 
species diversity and ecosystem diversity. 
1.1.1- Genetic diversity:  
This is the variation of genes within species and between species. This includes not only 
genetic variation between distinct populations of the same species, but also genetic 
variation within a population; Genetic diversity can be measured using a variety of DNA-
based techniques (WCMC, 1992). One estimate is that there are 10,000,000,000 different 
genes distributed across the world's biota, though they do not all make an identical 
contribution to overall genetic diversity (WCMC, 1992). 
1.1.2 Species diversity:  
Species diversity is the variety of species in a certain habitat or environment. It could be 
measured in several ways: for example; species richness and species abundance 
(Magurran, 1988).  Species richness is the number of species in a defined area; species 
abundance is the relative numbers among species (Magurran, 1988).  Species diversity is 
not evenly distributed across the globe. The most obvious pattern in the global 
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distribution of species is that overall species richness decreases from equatorial to Polar 
Regions. In general, there are more species per unit area or volume in the tropics than in 
temperate regions and far more species in temperate regions than there are in Polar 
Regions (Margulis, and Schwartz, 1988).  
1.1.2- Ecosystem diversity:  
Ecosystem diversity is the differences between ecosystems and habitat types. With more 
flexible boundaries it is harder to define ecosystem diversity than species or genetic 
diversity. The diversity of an ecosystem is dependent on the physical characteristics of 
the environment, the diversity of species present, and the interactions between species 
and with the environment. Therefore, the complexity of an ecosystem can be expected to 
increase with the number and taxonomic diversity of the species present (Rothschild and 
Mancinelli, 2001). 
1.2 Importance of Biodiversity 
Humans depend on their welfare on Biological systems and proces. Food, medicine and 
industrial products are all obtained from the environment. Recreation and tourism are also 
dependant on biological resources. The value of biodiversity to humanity is huge and 
cannot be contained in few pages; however, the following points are just few brief 
examples on the importance of biodiversity;  
1.2.1- Pollution breakdown 
Biodiversity components from bacteria to higher organisms help in the breakdown and 
absorption of many human created pollutants; like sewage, garbage and oil spills. It is not 
only organisms that have an important role in pollution breakdown, but also some 
ecosystems, especially wetlands, that are particularly well suited to breaking down and 
absorbing pollutants. Wetlands are being used to filter and remove nutrients, heavy 
metals and suspended solids and to destroy harmful microorganisms (Reid, and Miller, 
1989). 
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1.2.2- Nutrient recycling 
Biodiversity is essential in the process of recycling nutrients. These nutrients are essential 
for the maintenance of life on earth. Vegetations are able to take nutrients from both the 
soil and the air, and these nutrients can then be transferred to form the base of food 
chains, to be then used by other organisms. The soil's nutrients are recycled by dead or 
waste matter which is transformed by microorganisms (WCMC, 1992).  
1.2.3- Soil protection 
Biodiversity plays an important role in the formation and maintenance of soil and the 
preservation of soil moisture and nutrient levels. The loss of biodiversity through 
vegetation clearing has contributed to accelerate soil erosion and reduction of land's 
productivity. Soil protection by maintenance of biological diversity can preserve the 
productive capacity of the soil, prevent landslides, safeguard coastlines and riverbanks, 
and prevent the degradation of coral reefs and riverine and coastal fisheries by siltation 
(Attiwill and Leeper, 1987). 
1.2.4- Food 
The life of all organisms depends mainly on the primary producers (plants, 
phytoplankton) (Takacs, 1996). Biodiversity provides food for humans in forms that 
include meat, fruit, nuts and vegetables, and adjuncts to food in the form of food 
colorants, flavorings and preservatives. There may derive from wild or cultivated sources. 
Of the 250000 or so species of flowering plants, more than 5000 have been regarded as a 
food source and around 200 have been domesticated for food (Costanza, et al 1997, FAO, 
2007). However, at present more than 80% of the food supply of the human population is 
obtained, directly or indirectly, from just 20 species of plants (WRI, 1994). 
The diversity of animals exploited for food is more difficult to enumerate, although 
again the wide range of species consumed contrasts with most consumption being 
concentrated on a small proportion of these species. Even so, the vast scale of the 
exploitation is readily apparent. For example, world landing of aquatic resources totalled 
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99.5 Mt in 1989, of which almost 70% were used for human consumption (Stachowicz, 
et al, 2007) .   
1.2.5- Medicinal resources 
A number of drugs are derived, directly or indirectly, from biological sources. In the 
USA, almost one-quarter of all medical prescriptions are for formulations based on 
plant; microbial and fungal products or on derivatives or synthetic versions of them 
(Farnsworth, 1998; Gaston and Spicer. 2004). Around 119 pure chemical substances 
extracted from some 90 species of higher plants and fungai are used in medicines 
throughout the world, and over 21,000 names are associated with plants that have 
reported medical use (Gaston and Spicer, 2004). In all, however, by 1994 only about 
5000, predominantly temperate, species of higher plants, have been thoroughly 
investigated as potential sources of new drugs (WCMC, 1994). Exploration of the 
medical potential of plants and micro-organisms, both those known and those yet to be 
discovered is very much a growth area. 
Medicinal use of marine organisms has a far richer tradition in the east than in the west 
(because of the use of traditional medicien) (Thakur, et al 2005). However, even in the 
west, cod and shark liver oils were used as sources of vitamins D and A before other 
sources were developed (Anake and Richan, 2004). The potential from marine sources is 
high enough to have spawned commercial ventures to obtain marine-derived substances 
in Spain, Japan, Australia, and the USA. A number of pharmaceutical companies 
worldwide are supporting research on marine derived compounds (e.g.Pfizer; Bayer; 
Glaxosmithkline; Merck&co....etc) to be used directly as medicines and as novel 
chemical structures that could be modified to become medicine (Gaston and Spicer, 
2004). 
1.3-Developing countries and biodiversity 
The threats to marine and coastal biological diversity are both immediate and severe, 
and require urgent attention. The oceans cover 70 percent of the planet‘s surface area 
and marine and coastal environments contain diverse habitats that support an abundance 
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of marine life. Life in the seas produces a third of the oxygen that human breathe, offers 
a valuable source of protein and moderates global climatic change (Ryther, 1969; Houde 
and Rutherford, 1993; Pauly and Christensen, 1995;  Costanza et al, 1989). 
One of the biggest challenges facing developing countries is the overexploitation of the 
marine resources. Marine habitats are sensitive, and are subjected to a wide range of 
human impacts. This leads to the need for the conservation of such resources. The need 
for conservation in the past used to mean protecting. However, this is not easily done in 
all cases. In poor and developing countries, there is still a need for using the resources 
available in the countries. Such resources are sensitive but cannot be completely 
protected. This has led to the need of what was called the sustainable use of resources. 
Sustainable use has the potential for consolidating efforts of socio-economic welfare with 
conservation of biodiversity, So that the human dimension and the ecosystem benefit 
(Costanza, et al, 1997). 
Some developing countries (Indonesia; SriLanka; Ymen) have become dependent on 
ocean resources for inputs to their development process or as sinks for wastes 
(McNeely, et al 1990). As land, resources are exhausted, or as they become less 
valuable, more coastal states are turning to the oceans for additional development 
options. The provisions of the 1982 United Nations Convention on the Law of the Sea 
(UNCLOS) increase their options in this area, since it recognizes national control over 
extended offshore areas and resources. At the same time, it emphasizes the importance 
of international cooperation and harmonization of policies in the effort to sustainabley 
manages the world's oceans (McNeely, et al, 1990). 
After the depletion of sea cucumber fisheries in other parts of the world (Kinch, 2002; 
Lari, 2001), the sea cucumber fishery started in Egypt in 1998 first in the southern part 
of Red Sea coast and on a small scale by trawling boats.  However, by 2000 the fishery 
of sea cucumber in Egypt had increased greatly as a result of the high demand and high 
prices of Beche-De-Mer (Lawrence, et al 2004; Ahmed, 2006). 
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1.4- sea cucumber 
The Holothuroidea, commonly known as sea cucumbers, are one of the five extant classes 
of echinoderms. This highly successful class has a fossil record extending back some 
460-500 million years to Lower Ordovician (Gilliland 1993; Reich 1999; 2001) and has 
invaded every part of the marine habitats, from the intertidal to the deep ocean trenches 
and from the polar to the tropical regions.  
Holothuroids (the more widely used term ―holothurian‖ is here restricted for species 
belonging to the genus Holothuria; holothuriids are likewise restricted for those species 
that belong to the family Holothuriidae) are the second most diverse echinoderm class, 
with some 200 described genera containing some 1600 extant species (Smiley & 
Pawson, 1990). Like their closest relatives, the echinoids (Smith and Littlewood 1997; 
Littlewood et al. 1997), the body lacks arms, mouth and anus are almost invariantly 
located at opposite poles and the ambulacral and interambulacral areas are arranged 
meridionally around the polar axis, which is lengthened to give the typical elongated 
cucumber shape. Unique among echinoderms, holothuroids can be holopelagic (floating 
in the water column) (Miller & Pawson, 1990). Their diversity is highest in the tropical 
eulittoral, where 20 species per hectare is common (Kerr, Stoffell & Yoon, 1993). 
(Figure of the anatomy of sea cucumber is shown in the appendex)  
The vermiform to cylindrical shape of most holothuroids gives them a bilaterally 
symmetrical appearance, a pattern especially visible in some members of the orders 
Aspidochirotida and Dendrochirotida (Psolidae) which are modified dorso-ventrally with 
a more or less flattened ventral side. Nevertheless, the animal has typical secondarily 
derived pentaradiate symmetry as evidenced by the calcareous ring, which is usually 
composed of ten calcareous pieces (five radial and five interradial pieces). The five-fold 
symmetry is further visible in the five longitudinal muscles. Overall, the ventral surface 
of a holothuroid, the trivium, is composed of three ambulacral and two interambulacral 
areas; the dorsal surface, the bivium, consists of two ambulacral and three 
interambulacral areas. Tube feet and papillae are arranged along the ambulacral areas. 
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Another diagnostic feature of the Holothuroidea is the highly reduced (microscopic) 
stereomic calcareous skeleton that has a mesodermal origin. It has been demonstrated 
(Schmidt 1925; 1932; Panning 1931a; 1931c; 1933) that the spicules (ossicles) of 
holothuroids consist of a single crystal of calcite. These ossicles can be found in virtually 
every organ of the holothuroid, although some species have lost their spiculation in all or 
in some body parts (e.g. Holothuria (Mertensiothuria) leucospilota (Brandt, 1835) lacks 
ossicles in the tentacles.  
1.5- Importance of sea cucumber biodiversity 
1.5.1- Food 
Sea cucumbers have been used as food in several parts of the world since the 18
th
 
century. Sea cucumber is consumed either raw or after very simple preparation. The 
traditional ways of consuming or using holothurians varies from one place to another. 
Some Polynesian peoples, particularly in Samoa and Micronesian, consume the body wall 
raw, sometimes seasoned with lime juice. In Fiji, Holothuria scabra is cooked in coconut 
milk, while in Papua New Guinea the sea cucumber is sometimes grilled (Preston, 1993). 
In Japan the smoked body wall is eaten raw, in slices with a mixture of vinegar and Soya 
sauce. Other organs are also considered delicacies: the ovaries are eaten either dry or 
salted and fermented. The intestine and even the respiratory tree is also consumed 
(Richards, et al 1994). The commercial value of a species is generally determined by its 
size and the thickness of the body wall. Species of high value such as Holothuria scabra 
(sandfish) Holothuria nobilis (black teatfish) and Holothuria fuscogilva (white teatfish) 
tend to be fished preferentially. Medium value species includes the genus Actinopyga. 
Other shallow water tropical species fall into the low- or no- value category (Conand, 
1990). 
1.5.2- Medicine  
Chinese studies reveal that sea cucumbers also contain saponin glycosides. These 
compounds have a structure similar to the active constituents of ginseng, ganoderma. and 
other famous tonic herbs. Additional Chinese studies indicate anticancer properties of 
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both the sea cucumber saponins and the polysacchrides (Jiansan and Jiaxin, 2001). These 
modern studies confirm that sea cucumber extract can be used as a tonic and nutrient 
supplement. The demand for trepang has greatly increased in mainland of China since the 
early 1980s (Huizeng Fan 2001)    
The benefit of sea cucumber for relief of various types of arthritic pain was reported 
several times by (Theodosakis et al., 1997; Benedikt, 1997; and Block, 1999). Patients 
seem to respond rapidly to sea cucumber therapy, averaging noticed improvement often 
within days. However, in more severe cases, such as rheumatoid arthritis (a debilitating 
and deforming type of arthritis involving a dysfunction of the immune system), the onset 
of benefits from sea cucumber supplementation often took much longer (Benedikt 1997). 
Oral supplementation of sea cucumber has been shown to be an effective, natural anti-
inflammatory. These benefits are due to its contents of "joint lubricating" and "joint 
rebuilding" properties such as mucopolysaccaride and chrondroitin sulfate molecules. 
Others natural compounds demonstrated to enhanced the value of sea cucumber are 
several phyto-medicines ("phyto" meaning plant) commonly used in European medical 
practice. These herbal enhancers are the standardized extracts of Boswellia serrata, 
Curcuma longa, and Harpagophytum procumbens. In addition, the "good" fat known as 
gamma-linolenic acid (G.L.A.) derived from the oil of the Borage plant, significantly 
increases the medicinal activity of sea cucumber (Block, 1999). 
1.6- Review on the history of sea cucumber taxonomy  
According to Ludwig (1889-92), the first to produce a thorough anatomical description of 
true sea cucumbers were Bohadsch (1761) and Gaertner (1761). Strussenfeldt (1767) 
gave an even more detailed description of the anatomy of a dendrochirotid. Pallas (1774) 
was the first to examine a non-European species. After these early attempts, more and 
more species were described from various localities (e.g Gunner 1770; Forskål 1775; 
O.F. Müller 1776; 1788; Pennant 1777; Dicquemare 1778; Fabricius 1780). Tiedemann 
(1816), Oken (1816), Goldfuss (1820), Chamisso & Eysenhardt (1815); Lamarck (1809; 
1815; 1816), Lessueur (1824), Delle Chiaje (1823-1829), Risso (1826), Fleming (1828), 
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Rüppel & Leuckaert (1828), Eschscholtz (1829-33), de Blainville (1830), Lesson (1830) 
(references from Ahmed, 2006) 
Grube (1840), Lessueur (1824), Brandt (1835) and Burmeister (1837), attributed a higher 
taxonomic weight to the morphology of the tentacles and discerned three groups: 
Aspidochirotae, Dendrochirotae and Chiridotae. Troschel (1846) not only used the shape 
of the tentacles, but also their number and position, a method that enabled him to define 
some new genera. J. Müller (1850) recognised the value of Grube‘s system and 
concluded that presence or absence of respiratory trees is weightier than presence or 
absence of tube feet. As such, he discriminated between the group without respiratory 
trees (Lungenlose; now Apodida) and the group with respiratory trees (Lungentragende). 
The latter he further divided into those without tube feet (Fusslose; now Molpadiida) and 
those with tube feet (Fussige; now Aspidochirotida and Dendrochirotida).  
Semper (1868) released work on the sea cucumbers of the Indo-Pacific. He placed the 
genus Rhopalodina separate from the other holothuroids and proposed a new class 
(Diplostomidea) to accommodate it. The other species he kept in the class Holothurioidea 
which he divided into two orders: Apneumona and Pneumophora. However, Semper 
(1868), clearly adopted Darwin‘s theory of common descent. Semper thus actively 
searched for the characteristics of the inferred common ancestor. He deduced that sea 
cucumbers without tube feet and with simple tentacles (Synaptidae and Molpadidae) 
represent the most ancient forms; those with papillae and tube feet are less ancient and 
those with solely tube feet represent the most recent ones. He concluded that the structure 
of the calcareous ring and the ossicles must receive a very low phylogenetic value as 
these structures acquire their final morphology only in the last stages of development. 
This is reflected in his classification where these structures are only used to distinguish 
species from each other.  
Lampert (1885) believed that the character presence of tube feet holds more phylogenetic 
information than the presence and the structure of the respiratory trees. Lampert (1885) 
discerned three orders: Pedata, Elasipoda and Apoda. Within the Pedata he recognised the 
families Aspidochirotae, Dendrochirotae and Rhopalodinidae; in the Elasipoda, he placed 
  
 22 
 
the families Elpidiidae, Deimatidae and Psychropotidae; and in the Apoda, he discerned 
the suborder Pneumonophora with the family Molpadidae and the suborder Apneumona 
with the family Synaptidae. 
Ludwig (1889-1892) made an important summary of all the known classifications and 
made an approach to construct the ultimate classification whereby he considered 19 
different key-characters. The characters Ludwig (1889-92) investigated were: (1) general 
body form; (2) body colouration; (3) ossicles of the body wall; (4) presence of anal teeth; 
(5) structure of sensory organs; (6) structure of the longitudinal musculature; (7) presence 
of retractor muscles; (8) structure of the calcareous ring; (9) number, size, positioning and 
form of the tentacles; (10) presence and size of the tentacle ampullae; (11) morphology, 
position and number of tube feet; (12) form, size and colour of the stone canal(s); (13) 
number of Polian vesicles; (14) structure of the gonad; (15) fine-structure of the digestive 
system; (16) presence and size of respiratory trees; (17) presence of Cuvierian tubules; 
(18) presence of ciliated funnels and (19) the complexity of the blood vessel system. He 
proposed two orders: Actinopoda, grouping the species with tube feet and Paractinopoda 
for those species lacking tube feet.  
Thus, with the coming of the new century several new classifications quickly emerged: 
Sluiter (1901), Perrier (1902), Delage & Hérouard (1904), MacBride (1906), Östergren 
(1907), Fisher (1907), H.L. Clark (1908), and others depending mainly in their taxonomy 
on the mentioned characters by Ludwig (1889-92). By twentieth century most of the 
currently known ossicle types had already been described. However, whereas in the old 
system this knowledge was used mostly to describe at the level of the species, twentieth 
century authors increasingly used these characters to classify the multitude of species 
they had under study. So by the start of the twentieth century, usage of ossicle 
assemblage in constructing holothuroid classifications had delivered quite a few well-
defined taxa. This can, for instance, be illustrated with the attempts of Pearson (1914) and 
Panning (1931b-1935a-d; 1940; 1941; 1944; 1951) to classify the family Holothuriidae. 
Finally, in 1965, Pawson & Fell proposed a classification that incorporates the 
evolutionary relationships and which reflects the Linnean scheme. They abandoned 
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number of tentacles as a criterion for diagnosing major taxa and, instead, gave greater 
importance to the shape of the calcareous ring, the shape of the tentacles and the ossicles 
of the body wall. By doing so, they proposed three new subclasses and six orders. One of 
these orders, the Dactylochirotida was new. This classification is still in use today, even 
though recently it has received some criticism (Kerr & Kim 2001). In figure-1, Pawson & 
Fell‘s (1965) hierarchical classification and the transformation into a phylogeny as made 
by Kerr & Kim (2001). 
 
Figure 1: Pawson & Fell’s (1965) Linnean classification rendered to a phylogeny (from Kerr & Kim 
2001). 
Even if the clades as proposed by Pawson & Fell (1965) are fairly well defined and have 
been used by most subsequent authors, agreement over their monophyly has not be 
reached and as such the higher level taxonomy of Holothuroidea remains problematic. 
Hansen (1975), for instance, noted that grouping of Elasipodida with Aspidochirotida on 
the basis of presence of peltate tentacles excludes some elasipodids, notably members of 
Orphnurgus Consequently, Hansen (1975) rejected the subclass Aspidochirotacea.  
Despite the fact that classification of holothuroids has a long and rich history, basic 
questions – even at higher taxonomic levels – on their classification and evolution 
remain. Undoubtedly, in the long-run molecular systematics can and will further guide 
our quest for a natural classification. 
Class Holothuroidea
Subclass Aspidochirotacea
Order Aspidochirotida
Order Elasipodida
Subclass Apodacea
Order Apodida
Order Molpadida
Subclass Dendrochirotacea
Order Dendrochirotida
Order Dactylochirotida
Molpadiida
Aspidochirotida
Apodida
Elasipodida
Dactylochirotida
Dendrochirotida
Aspidochirotacea
Apodacea
Dendrochirotacea
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1.7- DNA Barcoding   
It took over two centuries for taxonomists to describe 1.5 million species, but we know 
this figure might be a gross under-estimate of the true biological diversity on Earth 
(Blaxter, 2003 and Wilson, 2003). In the last decade a molecular revolution in taxonomy 
has been taking place. Hebert et al, (2003a), reported four significant limitations for using 
morphological characters for animal identification. First, both phenotypic plasticity and 
genetic variability in the characters employed for species recognition can lead to incorrect 
identifications. Second, this approach overlooks morphologically cryptic taxa, which are 
common in many groups (Knowlton 1993; Jarman & Elliott 2000). Third, since 
morphological keys are often effective only for a particular life stage or gender, many 
individuals cannot be identified. Finally, the use of keys often demands such a high level 
of expertise that misdiagnoses are common. The limitations inherent in morphology-
based identification systems signal the need for a new approach to taxon recognition.  
Molecular techniques, which are now regarded as standard for identification of smaller 
biota (such as bacteria and protists) are increasingly being used to identify macroscopic 
organisms (Hebert et al., 2003a). They have been shown to be widely applicable to 
discrimination between higher taxonomic levels across phyla and to species level in most 
organisms (Hebert et al., 2003a, b). One technique in particular (DNA barcoding) is 
becoming increasingly popular and prevalent in the literature (Hebert et al, 2003a, b). 
A short DNA sequence from a uniform locality on mitochondrial genomes can be used 
for identifying species and this was refered to as the barcode of life. a short standardized 
sequence can distinguish between different species because genetic variation between 
species exceeds that within species (Hebert, et al. 2003).  
In order to identfy species using DNA barcoding, a short DNA sequence is retrieved  
from a standard part of the genome from the  unknown specimen. The DNA sequence 
from each unknown specimen is then compared with reference barcode sequences 
derived from known species. A specimen is then identified if its sequence closely 
matches one in the barcode sequance library. However, if no match is found, the new 
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record can lead to a novel barcode sequence for the species under investigation, or the 
existence of a new species.    
1.7.1- cytochrome c oxidase I (COI) 
DNA barcoding uses - end of the mitochondrial gene 
cytochrome c oxidase I (COI) (Hebert, et al. 2004). The mitochondrial genome is 
preferable than the nuclear genome because it lacks introns, mitochondrial DNA occurs 
in multiple copies per cell making the Polemerase Chain Reaction PCR amplification of 
the DNA easier; there already exists a large database of mitochondrial sequences against 
which new sequences can be compared; the COI gene is usually well conserved within 
species but satisfactorily variable that interspecific differences can be detected. The 
resulting sequences can then be used for species identification.  
Several studies have now established the effectiveness of this approach in large groups of 
animals, such as birds (Hebert, et al. 2004), fish (Ward, et al. 2005), sparidae fishes 
(Thomas, et al, 2004), damselfishes (Quenouille, et al 2004), rabbitfish (Kuriiwa, et al, 
2007), game and harvested fresh water fish species (Kyle and Wilson, 2007), Antarctic 
marine larvae (Webb, et al , 2006),  cowries (Meyer and Paulay, 2005), spiders (Barrett 
and Hebert 2005), baetis vernus group (Bonnud, et al 2008), several arrays of 
Lepidoptera (Hebert, et al. 2004; Hajibabaei, et al. 2006; Janzen, et al. 2005), North 
American mayflies (Ball et al. (2005), daphniid and rotifer species (Gomez, et al , 2000; 
Derry et al., 2003; Adamowicz et al., 2004), Diatoms (Evans, et al 2007), plants (Kress, 
et al. 2005), macroalgae (Saunders, 2005; Robba, et al 2006), fungi (Summerbell, et al. 
2005; Seifert, et al 2007), protists (Scicluna, et al. 2006) and bacteria (Sogin, et al. 2006). 
Studies analysing DNA sequences of invertebrates includes; For example, molecular 
studies on amphipods of the species Eurythenes gryllus reveal two distinct populations at 
different depths (France and Kocher, 1996). Chase et al. (1998) analysed specimens of 
the deep-sea protobranch bivalve Deminucula atacellana of the North Atlantic, showing 
that continental slope (2500 m) and rise (42500 m) populations are genetically distinct. 
The same is true for populations of different deep-sea basins (Zardus et al., 2006). High 
degrees of genetic differentiation also have been observed between abyssal populations of 
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other molluscs (Etter et al., 1999, 2005; Peek et al., 2000; Quattro et al., 2001), the 
decapod Chaceon quinquedon (Weinberg et al., 2003) and some corals (France et al., 
1996; Le Goff-Vitry, 2004a, b).  
These studies and more discussed in other chapters in detail, have shown that >95% of 
species possess unique COI barcode sequences; thus species-level identifications was 
obtained. The establishment of the Consortium for the Barcode of Life (CBOL, 
http://barcoding.si.edu) an international association of research organizations that support 
the development of DNA barcoding as an international standard for species identification 
(Marshall, 2005) added more value to the DNA barcoding research and by the 
development of the Barcode of Life Data Systems (http://www.barcodinglife.org) a 
global online data management system for DNA barcodes (Ratnasingham, and Hebert, 
2007).  
1.8- Aim of work  
1- Given the systematic uncertainties of sea cucumber, this chapter aims to clarify 
the classification of the sea cucumber species on the Red Sea coast of Egypt and 
Gulf of Aqaba using both morphological characteristics and DNA barcoding 
technique. 
2- Investigate the taxonomy and Identification of Pearsonthuria graeffei. 
3- Examine both H.nobilis and H.fuscogilva using both morphological keys and 
mitochondrial DNA analysis to determine whether they should be kept as one 
species or not. 
4- Examine the use of DNA barcoding technique as a standard and reliable method 
of sea cucumber ID. 
5- Investigate the different populations of H.atra on the Red Sea coast of Egypt and 
Gulf of Aqaba and find whether they are regionally structured.   
6- Examine the behaviour, color, body size, spicules, and mitochondrial DNA in the 
two morphs of Actinopyga mauritiana species complex to test whether they are 
conspecific. 
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7- To produce a standard technique for DNA extraction; PCR amplification and then 
species identification of sea cucumber species from badly preserved and 
processed food products.  
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2.1- Introduction 
2.1.1- A brief review on the history of Holothuriidae classification 
Within the Aspidochirotida, three to four families are nowadays recognised: the 
Gephyrothuriidae; the Holothuriidae; the Stichopodidae and the Synallactidae (Rowe & 
Gates 1995). The monophyly of the Aspidochirotida is still debated (Kerr & Kim 2001). 
Even though some recent evidence points to the monophyly of the Holothuriidae 
(Appeltans 2002), the evidence for a non-monophyletic status is forthcoming (Samyan, 
2001).  
The name Holothuriidae is attributed to Ludwig (1894), but, as Gill (1907a) correctly 
pointed out, Gray used the name Holothuridae as early as 1848. Before 1894, Brandt‘s 
(1835) name Aspidochirotae was commonly used to designate the Holothuriidae. Ludwig 
(1883) for instance recognised three genera within the Aspidochirotae: Stichopus Brandt, 
1835, Mülleria Jaeger, 1833 and Holothuria Semper, 1868. Within Holothuria he further 
recognised four groups: Stichopus, Bohadschia, Sporadipus and Holothuria. 
In 1896, Haeckel, based upon his studies of embryology, palaeontology and phylogeny, 
recognised that some of the genera attributed to the Holothuriidae warrant a family on 
their own and thus he erected the Stichopodidae. In this action he was initially only 
followed by Östergren (1907) and later Mortensen (1927). In the mean time Fisher (1907) 
and Mitsukuri (1912) recognised two subfamilies in the Holothuriidae: the Holothuriinae 
Ludwig and the Synallactinae Ludwig. According to Fisher (1907) the Holothuriinae hold 
four genera: Actinopyga Bronn, 1860; Holothuria Linnaeus, 1767; Labidodemas Selenka, 
1867 and Stichopus Brandt, 1835. 
The many changes in the Holothuroidea (Gill 1907a; Clark & Rowe 1967) confused a 
number of authors. This confusion, as already noted above, was most probably due to the 
fact that the original generic name Holothuria Linnaeus, 1758 included only species other 
than echinoderms. More than a century later, despite the efforts of many to bring order to 
the nomenclature, the issue was still not settled. 
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At the beginning of the twentieth century, many authors divided the family Holothuriidae 
on the basis of presence and/or absence of anal teeth and the position of tube feet, 
whereby two genera, Mülleria Jaeger and Holothuria Linnaeus, were recognised. Pearson 
(1914) grouped Mülleria and Holothuria under the single genus Holothuria wherein he 
discerned five subgenera: Actinopyga Bronn, 1860, Argiodia Pearson, 1914, Bohadschia 
Jaeger, 1833, Halodeima Pearson, 1914 and Thymiosycia Pearson, 1914. The first two 
subgenera contained species formerly classified under Mülleria while the latter three 
subgenera contained species formerly classified under Holothuria. 
Pearson (1914) further believed that Actinopyga and Bohadschia represent the primitive 
condition whereas Argiodia, Halodeima and Thymiosycia are the more advanced forms. 
Even though he believed that anal teeth are the result of convergent evolution, he did 
consider this character in his classification. 
H.L. Clark (1921) completely ignored Pearson‘s (1914) classification and opted to follow 
Fisher‘s (1907) classification, though with some modifications in relation to the rank of 
the Holothuriidae. He divided the latter family into five genera: Actinopyga Bronn, 1860; 
Labidodemas Selenka, 1867; Holothuria Linnaeus, 1767; Stichopus Brandt, 1835 and 
Thelenota Brandt, 1835; a classification that was largely followed by subsequent authors 
(H.L. Clark 1922; 1923; Deichmann 1926; Domantay 1933).  
Panning (1931b) recognized Actinopyga Bronn, Bohadschia Jaeger, Halodeima Pearson 
and Microthele Brandt as subgenera in Holothuria. By 1935 (a-d), Panning had altered 
and refined his classification: he opted to group Pearson‘s (1914) subgenera Halodeima 
and Thymiosycia in the subgenus Holothuria. Thus Panning (1935a-d) now recognized 
four subgenera in the genus Holothuria: Actinopyga, Bohadschia, Microthele and 
Holothuria, whereby he believed (1935a) that Actinopyga was most closely related to 
Microthele and Bohadschia with Holothuria. Based upon his studies of the optical 
properties of ossicles, Panning (1928; 1931a; 1931c and 1933) concluded that the 
subgenus Holothuria best be split in two groups, those with rosettes and those with true 
buttons.  
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By 1944, Panning reached his final classification of Holothuria; now recognising five 
genera: Actinopyga, Bohadschia, Halodeima, Holothuria and Microthele. This 
classification was accepted and used by subsequent taxonomists, though in 1946, H.L. 
Clark noted that the classification of this family [Holothuriidae] is not satisfactory. 
Because it is such a large group with scores of species, and the attempts to break it up 
into genera have not been good enough. H.L. Clark (1946), thus clearly urged for a new 
start.  
Deichmann, in 1958, presented a new classification. She rejected Panning‘s and H.L. 
Clark‘s classifications to a large extent. On generic level, she accepted Panning‘s (1944) 
view on Actinopyga, Bohadschia and Microthele, but, in addition, she recognized that the 
small genus Labidodemas Selenka, 1867, did not belong to Holothuria (Panning 1935c). 
She changed Halodeima, to her new Ludwigothuria. More radical was her decision to 
split the genus Holothuria into several new genera and to abandon the old name 
Holothuria completely. 
Rowe (1969) took the latter challenge when he revised the complete Holothuriidae. Rowe 
(1969) correctly pointed out that by creating 11 new generic names ― Deichmann has 
disregarded a number of appropriate prior genus-group names of Brandt (1835), Jaeger 
(1833), Haacke (1880) and Pearson (1914) on the grounds of poor definition, most of 
these names are available under the Rules, being associated with recognized species, 
those of Jaeger and Brandt needing only designations of type-species in order to qualify 
for recognition under the Rules‖ (see also Clark & Rowe 1967). A detailed discussion of 
Deichmann‘s (1958) classification can be found in Rowe (1969) who argued that 
Deichmann‘s taxonomic groups are better regarded as subgenera in Holothuria rather 
than genera on their own. Rowe thus agreed largely with Panning‘s (1939) generic 
classification, and with Deichmann (1958), regarding Labidodemas.  
Even if the clades as proposed by Pawson & Fell (1965) are fairly well defined and have 
been used by most subsequent authors, agreement over their monophyly has not be 
reached and, as such the higher level taxonomy of Holothuroidea remains problematic. 
Hansen (1975), for instance, noted that grouping of Elasipodida with Aspidochirotida on 
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the basis of presence of peltate tentacles excludes some elasipodids, notably members of 
Orphnurgus Consequently, Hansen (1975) rejected the subclass Aspidochirotacea.  
The last fifteen years saw the coming of phylogenetic techniques to decipher the 
relationships between the five extant classes of echinoderms. This novel approach 
significantly added to our understanding of the inter-classis relationships of which a 
agreement is now more or less apparent (Littlewood et al. 1997; Janies 2001). However, 
until the last couple of years, surprisingly few cladistic studies were devoted to uncover 
the relationships within the Holothuroidea. 
2.1.2- Holothurians of the Red Sea  
Cherbonnier (1955) in his work at the Farsan expedition in the Red Sea recorded 16 
genera and 44 species of holothurians, belonging to three orders. These are a) 
Aspidochirotida which have two families, Holothuriidae (29 species)  and  Stichopodidae  
(only  Stichopus  monotubuculatus),  b) Dendrochirotida comprising of 8 species 
belonging to two families, Cucumariidae (6 species) and Phyllophoridae (2 species); and 
c) Apodida which includes the remaining 6 species, all of them from the family 
Synaptidae. In 1963, Cherbonnier added 15 species of holothuroids from the Gulf of 
Aqaba with detailed description of three species, Bohadschia steinitzi, Holothuria kurti 
and Psendocnus echinatus which was recorded for the first times this area. Another 
aspidochirotid species, Protankyra autopista, was recorded from the Red Sea 
(Cherbonnier, 1979). After this in 1967, Cherbonnier revised 26 species from the Red Sea 
with a detailed study on Microthele difficilis, Patinapta dumasi and Holothuria 
jousseaumei. Cherbonniers paper included 3 new species to science from the Red Sea. 
These are Holothuria proceraspina, Stichopus pseudohorrens and Leptosynapta steinitzi. 
Whilst the works of Cherbonnier were very useful and contain detailed descriptions for 
species there are unfortunately, no data available about the locations in which samples 
were collected or the sampling methods. 
In 1971, Clark and Rowe studied the Indo-West Pacific echinoderms including those 
from the Red Sea. They recorded 66 species of holothuroids from the Red Sea, 
distributed within 5 families, but they did not give the specific locality for the recorded 
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species. They recorded 46 species of Holothuriidae among them Holothuria (Stauropora) 
olivacea, which needs more confirmation, 11 species of Synaptidae, 4 species of 
Cucumariidae, 3 species of Phyllophoridae and finally two species belonging to family 
Stichopodidae. 
Cherbonnier (1979b) described a new dendrochirote species, Stereoderma perexigua 
from the Red Sea and added two species, Stichopus pseudohorrens and Holothuria 
(Stauropora) hawaiiensis to the Red Sea holothurian fauna. The same author in 1979a 
described another new aspidochirotid species, Holothuria (Metriatyla) tortonesei which 
is related to Holothuria (Metriatyla) bowensis and Holothuria (Theelothuria) samoana 
which was described by Ludwig (1875). In addition Cherbonnier (1980) described a new 
apodid species, Protankyra suroitae from the southern Red Sea. 
In his comparison of echinoderms between the Arabian Gulf, South east Arabia and the 
Red Sea, Price (1982) recorded 83 holothuroid species from the Red Sea and its two 
gulfs. He mentioned that out of 83 holothuroid species 55 species were found in the Red 
Sea proper, among them Actinopyga echinites, Holothuria (Stauropora) modesta and 
Thyone venusta needed more confirmation (Price, 1982). He also recorded 39 species 
from the Gulf of Aqaba and 36 species from the Gulf of Suez. Price's list includes 8 
species which need more confirmation, these are Actinopyga echinites, Actinopyga 
mauritiana, Holothuria (Lessonothuria) insignis, Holothuria (Metriatyla) ocellata, 
Holothuria (Metriatyla) scabra, Stichopus variegatus, Thyone venusta and Holothuria 
(Thymiosycia) strigosa, 
In his study on the Mediterranean Sea and Northern Red Sea holothuroids, Cherbonnier 
(1986) recorded 20 holothurian species. He stated that among the twenty species 
collected from the oriental Mediterranean and in the Northern Red Sea, two species 
(Synaptula reciprocans and Lapidoplax mortenseni) were found in both areas with slight 
differences in coloration and habitat. While S.reciprocans lives in seagrass habitat 
L.morteneseni usually lives in sandy habitat.  
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Despite all the expeditions along the Red Sea there was no specific information about the 
work on the Egyptian coast of the Red Sea. The first survey work on the Holothurians of 
the Egyptian coast of the Red Sea was done by Hamza (1999). In his work, he surveyed 
the shallow water of the Egyptian coast of the Red Sea and produces a list with 23 
species. From the previous surveys, there have been some misidentifications, 
contradiction and /or disagreement to some classification.   
The identification of all genera and species of Holothuroids depends almost entirely on 
the general body morphology; presence and positioning of tube feet and papillae; shape, 
position and number of tentacles; presence of tentacle ampullae; gross and fine 
morphology of the calcareous ring; number of tufts of gonad; and shape, size, 
distribution, abundance and position of microscopic ossicles from various tissues are the 
main characters used for identifying and classifying holothuroids (Pearson, 1914; 
Deichmann, 1958; Rowe; and Clark and Rowe, 1971). 
Gilliland (1993) stressed that a single species can present several different types of 
ossicles, whereby he calls the summation of all the ossicles the morphotype assemblage. 
This morphotype assemblage can change with age whereby, according to Massin (1994), 
four different types of variation can occur with increasing body size: (i) ossicles may 
gradually increase in size, with little modification to the general form, (ii) ossicles 
gradually regress and may completely disappear throughout the body, (iii) ossicles 
gradually disappear apart from the distal ends of the animal and the pedicels and (iv) 
early ossicles from the body wall are replaced by new, other forms. Cutress (1996) added 
that ossicles of aspidochirotids may not only become larger with increasing body size, but 
may also shrink and become simpler when a species grows. 
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Classification of the Holothuria of the Red Sea 
 
Phylum: Echinodermata 
Class: Holothuroidea 
 
1- Order: Aspidochirotida Grube, 1980 
2- Order: Apodida Brandet, 1835 
 1.1-Family: Holothuriidae Ludwig, 1894 
 1.2-Family: Stichopodidae  Haeckel, 1896 
  1.1.1-Genus: Actinopyga Bronn, 1860 
  1.1.2-Genus: Bohadschia Jaeger, 1833 
  1.1.3-Genus: Holothuria Linnaeus, 1767 
   1.1.3.1- Subgenus: Halodeima Pearson, 1914 
   1.1.3.2- Subgenus: Stauropora Rowe, 1969 
   1.1.3.3- Subgenus: Mertensiothuria Deichmann, 1958 
   1.1.3.4- Subgenus: Metriatyla Rowe, 1969 
   1.1.3.5- Subgenus: Microthele Brandt, 1835 
   1.1.3.6- Subgenus: Theelothuria Deichmann, 1958 
   1.1.3.7- Subgenus: Thymiosycia Pearson, 1914 
   1.1.3.8- Subgenus: Semperothuria Deichmann, 1958 
  1.2.4- Genus: Pearsonothuria Kalin and Stonink, 1984 
            1.2.5- Genus: Stichopus Brandt, 1835 
 2.1- Family: Synaptidae Burmeister, 1837 
 
  2.1.1- Genus: Synapta Eschscholtz, 1829 
  2.1.2- Genus: Synaptula  Orsted, 1849 
Modified from Ahmed, 2006 
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With all the conflicts in classifying sea cucumbers using morphological characteristics, 
new techniques were used in order to solve the problems. Littlewood et al.‘s (1997) 
sequence analyses of small and partial large rRNA subunits of some holothuroids (a 
single aspidochirotid; two apodids; three dendrochirotids and one elasipodid) revealed a 
close relationship between dendrochirotids and aspidochirotids. However, the two 
different genes sequenced by the latter authors returned a different position for the 
apodids and the elasipods. Kerr, et al (1993) enlarged Littlewood et al.‘s (1997) analysis 
with other published sequences (Raff et al. 1988; Wada & Satoh 1994) in an attempt to 
resolve the relationships between four of Pawson & Fell‘s (1965) six orders of 
holothuroids. Kerr‘s (2000) study revealed a well-supported (Apodida, (Elasipodida, 
(Aspidochirotida, Dendrochirotida))) topology. He concluded that apodids and not 
dendrochirotids (Pawson & Fell 1965) are to be considered the most divergent group of 
living holothuroids, a scenario that can be traced back to Semper‘s (1868), on 
comparative anatomy based, phylogenetic tree. Kerr (2000) further correctly emphasized 
that his (and Littlewood et al.‘s 1997) results rendered the subclass Aspidochirotacea 
paraphyletic. In an ensuing cladistic analysis on a relatively large morphological dataset 
Kerr & Kim (2001) corroborated their earlier result and in addition suggested that all 
three subclasses as proposed by Pawson & Fell (1965) are non-monophyletic and, 
moreover, that only four of Pawson & Fell‘s (1965) six taxonomic orders received strong 
support as clades (monophyly of Molpadiida and Dendrochirotida questioned). 
Despite the fact that classification of holothuroids has a long and rich history, basic 
questions even at higher taxonomic levels on classification and evolution remain stand. 
For example: More than 500 specimens of sea cucumber in the Natural History Museum 
in London have not been identified yet either because of the time consuming method of 
identification (mostly lack of manpower to investigate all specimens) or there is no match 
with the current identified species  (Ahmed, 2006). From the depths and locations from 
where those samples were collected we can expect more than a 100 new species that 
might help in understanding the taxonomy and the evolution of this group of animals 
(Ahmed, 2006; personal observation). 
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The current method for identification of sea cucumber is sometimes unable to identify 
some of the very common still problematic species such as Pearsonothguria graeffei 
(Levin et al , 1984), also called Holothuria graeefi (Semper, 1868) and Bohadschia 
graeffei (Panning, 1929).  The juvenile and adult forms are so different, that they could 
be mistaken for species belonging to different genera (Massin, 1996).    
Holothuria nobilis and Holothuria fuscogilva are two of the 1
st
 class commercial sea 
cucumber species. They are common along the tropical and subtropical Indo-Pacific 
Ocean and Red Sea. There is great argument however about the taxonomy and 
identification of the two teat fish species. Cherbonnier (1980) distinguished the two forms 
of teatfish and considered them as two different species. Row and Gates (1995) after 
examination of extant type specimens, regard H.fuscogilva as a junior synonym of 
H.nobilis because of the similarity of both the ecology and ossicles of both the species. 
Later Massin (1999) and Samyan (2003) agreed with them on the fact that they should be 
considered as synonyms. Solid evidence is still needed to resolve such a conflict whether 
they are the same species or two different species.        
In order to summarize the long standing question on the taxonomy and identification of 
sea cucumbers the following remarks on the current method of taxonomy should be taken 
into consideration; morphological examination and ossicles examination can led to 
incorrect identification; this approach overlooks morphologically cryptic species; 
morphological keys for identifying sea cucumber are effective only for a particular life 
stage (only adults), therefore it is very difficult to identify juveniles or larvae; and finally 
the use of the keys often demands a high level of  expertise. The approach that we are 
looking for is one that is able to overcome all the disadvantages of using morphological 
keys.     
2.2- Aim of work  
1- Given the systematic uncertainties of sea cucumbers, this chapter aims to clarify 
the classification of the sea cucumber species on the Red Sea coast of Egypt and 
Gulf of Aqaba using morphological characteristics and spicule examination. 
2- Investigate the taxonomy and Identification of Pearsonthuria graeffei. 
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3- Examine both H.nobilis and H.fuscogilva using morphological keys to determine 
whether they should be kept as one species or not. 
2.3- Materials and method 
2.3.1- Samples collection 
Samples were collected from the Egyptian coast of the Red Sea and Gulf of Aqaba, from 
different sites starting from Taba on the northern borders of Egypt to Shalaetin on the 
most southern part of Egypt on the Sudanese border. Samples were collected by SCUBA 
diving from deep water (35m maximum depth) and by snorkelling and hand collection 
from shallow reef flat areas (Figure-2). Samples for spicules preparation and 
identification using morphological characteristics were collected and the whole animal 
was preserved.  
2.3.2- Preservation of samples 
2.3.2.1- Relaxation 
All samples for morphological examination were relaxed first before examination or 
preservation to prevent difficulties in dissection and identification. Relaxation was 
achieved with Magnesium chloride (MgCl2). A solution of 7% (w/v) MgCl2 in seawater 
was used. The specimens were immersed in the solution for a few hours. Following this 
the samples were ready for preservation or examination. 
 2.3.2.2- Preservation for morphological examination 
Specimens for taxonomic examination were preserved in 10% (v/v) formalin in sea water 
buffered with Borax to a pH of 8 or 9. Later the specimens were transferred to an Opresol 
oreserving solution. The samples were washed in normal tap water at least three times to 
remove all the formalin, and then transferred to an OPRESOL solution made using 1 
measure of OPRESOL with 3 measures of tap water. 
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2.3.3- Specimens Identification using morphological characters 
In order to identify each individual species using morphological characters the following 
steps were considered. Dorsal and ventral surface colours were immediately recorded 
after collection. Anal teeth were counted and recorded immediately after collection. 
Tentacle type and numbers were recorded after relaxation of the specimens. After 
dissection of the specimens calcareous rings were examined and their type and length 
were recorded, other internal organs; respiratory trees and gonads were also counted and 
recorded. Samples from both dorsal, ventral surfaces and tentacles were taken for 
spicules preparation (Canon and Silver 1986 and Clark and Rowe 1971). 
2.3.4- Spicules preparation 
Spicules preparation for identification purposes has to be made from different parts of the 
body of the specimen. These are: podia, dorsal papillae, dorsal tegument, ventral 
tegument and tentacles (Clark, 1969). For fast preparation of spicules a sample was taken 
from the desired tissues. This does not have to be very large, (2mm X 2mm ideal). The 
sample was placed in the centre of a slide, on a flat surface free from dust and drafts. A 
large drop of neat bleach was then added over the sample with a pipette. This was left for 
5-15 minutes for the tissue to dissolve, (may be more depending on the thickness of the 
tissue and strength of the bleach). The slide was then washed carefully with distilled 
water to remove the bleach and examined under a light microscope.   
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Figure 2: Map of the Red Sea coast of Egypt and Gulf of Aqaba black dots indicates 
sea cucumber collection sites.  
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2.4- Results  
 A total of 145 specimens of sea cucumber were collected from the Red Sea coast of 
Egypt and Gulf of Aqaba. From those, eighteen species were identified using 
morphological characteristics and spicule examination (Table-2). Identifications were 
done by comparing samples with identified species in the Natural History Museum in 
London and using all the available keys for sea cucumber identification (Canon and 
Silver 1987, Clark and Rowe 1971, Clark 1969). Some sea cucumber specimens were 
send to the Royal institute of Natural History in Belgium for more confirmation.  
Table 3: Holothurian species identified along the Egyptian coast of Red Sea 
Order Family Genus Subgenus Species 
Aspidochirotida Holothuriidae Actinopyga   Crassa 
        Mauritiana 
    Bohadschia   Cousteaui 
        Tenuissima 
        Marmorata** 
    Holothuria  Halodeima Atra 
      Halodeima  Edulis 
      Mertensiothuria Leucospilota 
   Metriatyla Albiventer** 
      Metriatyla Scabra 
      Microthele Nobilis 
       Microthele Fuscogilva* 
      Thymiosycia impatiens 
  Pearsonothuria  graeffei 
  Stichopodidae Stichopus   hermanni 
Apodida Synaptidae Synapta   maculata 
    Synaptula   reciprocans 
 
* First record in Egypt 
** First record in the Red Sea  
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2.4.1- Morphological examination results  
Eighteen different sea cucumber species were identified. One species, Actinopyga 
sp.nov, is thought to be new to science. Detailed description; spicules examination 
results and some ecological aspects for each individual species are described below.    
  
2.4.1.1- Actinopyga crassa (Panning, 1944) 
Description 
Body elongate, cylindrical, slightly arched dorsally and flattened ventrally, the dorsal 
surface usually covered by fine sediment. Anus sub-dorsal surrounded by 5 strong, 
triangular anal teeth. The dorsal surface is dark brown or black, the ventral surface is 
light brown. Tentacles are 20 in number, leafy shape, small, with no true anterior 
introvert. Ventral podia long and cylindrical, densely found on the radius, rarely 
scattered on the interradius, pedicles long, cylindrical, and numerous. Papillae are 
small and conical with brown colour. Gonad form long very fine tubes with numerous 
small branches and are composed of a single tuft on the left of the dorsal mesentery. 
The maximum length is 20cm. Mean weight 300gm. Ossicles: tentacles with rods 
straight or slightly arched. Ventral body wall with straight and branching rods and 
rosettes, dorsal body wall with similar rods and rosettes although more branching 
(Figure-3) 
World distribution: A crassa is restricted in distribution. It was recorded from the 
Red Sea, East Africa, Southeast Arabia, Madagascar, New Caledonia and New 
Guinea (Quay and Gaiard, 1833). 
Local distribution and habitat: The species is widely distributed along the Red Sea 
coast and Gulf of Aqaba, usually found in moderately shallow water from depths of 5 
to 20 m. Mainly in Seagrass beds but sometimes around coral patches. 
  
 44 
 
Figure 3: Actinopyga crassa A: Rods and Rosettes of dorsal body wall. B: rods and rosettes of 
ventral body wall. Scale bar A-B represents 100 µm. 
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2.4.1.2- Actinopyga mauritiana (Quay & Gaimard 1833) 
Description: 
The body is very thick and muscular, cylindrical in shape, elongate, arched dorsally 
and flattened ventrally. Dorsal surface sometimes wrinkled, wider in the middle and 
tapering towards both ends. The anus is armed with five distinct calcified teeth. Body 
size is moderate to large. Maximum recorded length is 40 cm. But,  commonly 22 cm. 
mean weight about 600gm, but it can reach more than 1.5 kg in big sea cucumbers, 
thickness of the body wall is 2mm. colour very variable: dorsal side greenish to 
chocolate brown with numerous light brown conical papillae, ventral body wall is 
usually light grey to white sometimes pink in colour. Mouth is ventral surrounded by 
25 short, leafy shaped and stout tentacles. Podia arranged in 8 to 12 rows at the 
ventral side, while no. Of rows decreases in the dorsal side to 5 or 6 rows. Papillae are 
small and cylindrical. Pedicles are numerous and small in size. The gonad is long and 
form very fine tubes with numerous small branches (dichotomously branched), 
forming a single tuft. Ossicles: tentacles with large, rugose rods, dorsal body wall 
with spiny rods and simple, very small rosettes. Ventral body wall with small grains, 
elongated grains and rods that can be spiny or smooth (Figure-4). 
World distribution: The species is widely distributed, very common through the 
Indo-West- Pacific region. It was recorded from islands of West Indian Ocean, 
Mascarene Islands, East Africa, Madgascar Island, Maldives area, Ceylon area, Bay 
of Bengal, East Indies, North Australia, Philippine Island, China and south Japan, 
south Pacific Island and Hawaiian Islands (Quay and Gaiard, 1833). 
Local distribution and habitat: The species is widely distributed along the Red Sea 
coast and the Gulf of Aqaba. It was found in sub-tidal and intertidal areas. It is very 
abundant in sandy areas, sea grasses, and sandy lagoons and on corals. 
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Figure 4: Actinopyga mauritiana A: rosettes and rods of dorsal body wall. B: grains and rods of 
ventral body wall. Scale bar A-B represents 100 µm.  
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2.4.1.3- Actinopyga sp.nov 
 
Description  
 
Very large species; living specimens up to 40 cm long and 15 cm wide mid-body. 
Body loaf-shaped with slight ventral flattening (more or less cylindrical with some 
distal tapering). Colour in life dark brown dorsally and white to pink ventrally. Body 
wall smooth, up to 12 mm thick. Mouth ventral, surrounded by 20–22 large, peltate, 
uniformly brown tentacles, in turn surrounded by a stout collar of dark brown 
papillae. Anus terminal guarded by five yellowish, calcareous, teeth. Ventral tube feet 
stout, distributed evenly. Dorsal ―papillae‖ large, conical at base, near cylindrical at 
top; dark brown at base, slightly lighter at top; scattered over ambulacral and 
interambulacral areas. Cuvierian organ usually small whitish tuft. Gonad long with 
small branched thin tubes. Ossicles: Tentacles with rods only dorsal body wall with 
complex rosettes of various forms, some elongated with endings swollen, others wider and 
more spiny, and grains. Ventral body wall composed of small grains, elongated grains 
and spiny or smooth rods (Figure-6).  
 
Local distribution: The species is widely distributed along the Red Sea coast of 
Egypt and Gulf of Aqaba. The species inhabit both seagrass beds and coral reef. 
However, widely distributed on sea grass beds. The depth range of the species varies 
from 5- 25 m deep.  
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A. crassa 
 
Actinopyga. sp.nov 
 
 
 
 
 
 
 
 
 
 
 
Actinopyga  mauritiana 
Figure 5: the three recorded species of Actinopyga. A. crassa, A. mauritiana and A.sp.nov. 
Photographed from the Red Sea coast of Egypt and Gulf of Aqaba, (Photographed by M.I. 
Ahmed) scale bar 10cm. 
  
 49 
 
Figure 6: Actinopyga sp. nov A: rosettes and spiny rods of dorsal body wall. B: grains and rods of 
ventral body wall. Scale bar A-B represents 100 µm. 
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2.4.1.4- Pearsonothuria graeffei (Semper, 1868) 
Description: 
Body sub cylindrical, elongated, arched dorsally and slightly flattened ventrally, white 
conical papillae sparsely distributed on dorsal surface. Bivium with two or more 
longitudinal folds and numerous transverse folds reaching into the trivium. Trivium 
with three distinct longitudinal bands of large brownish tube feet with dark brown 
sucking disk. Bivium with small, low papillae scattered over total dorsal surface.  
Anus is nearly dorsal with no anal papillae. Maximum recorded length is 30cm, 
commonly 20cm; mean live weight about 500gm. Body wall thickness is 1mm. 
Dorsal surface whitish with large, brown dots and numerous small black spots; ventral 
surface grey, also with small black spots. Mouth is ventral surrounded by 25 large, 
black tentacles. Cuvierian tubules are numerous, but never expelled. Ossicles: 
tentacles with rods which can form rosettes. Ventral and dorsal body wall with 
knobbed pseudo-tables and small rosettes (Figure-8). 
World distribution: The species is widely distributed in tropical Indo-Pacific waters. 
It was recorded from islands of West Indian Ocean, Mascarene Islands, East Africa, 
Madgascar Island, Maldives area, North Australia, and Philippine Island (Semper, 
1868). 
Local distribution and habitat: A coral reef inhabitor, rarely found in depths more 
than 20m, mostly found on reef slopes, abundant on coral mixed with calcareous red 
algae. 
 
Figure 7: Pearsonothuria graeffei. Photographed from the Red Sea coast of Egypt and Gulf of 
Aqaba. (Photographed by M.I. Ahmed) scale bar 10cm. 
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Figure 8: Pearsonothuria graeffei A: branched ossicles of dorsal body wall. B rosettes of the body 
wall. C: pseudo-tables of the body wall. D: rosettes of tube feet. Scale bar A-D represents 100 µm.  
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2.4.1.5- Bohadschia cousteaui  Cherbonnier, 1954 
Description:  
Body is cylindrical, with muscular and thick body wall, flattened on both dorsal and 
ventral surface. Anus is guarded with five distinct anal papillae and two collars of 
small papillae. The body size is moderate to large. The maximum recorded size is 
35cm, commonly 30cm, and average weight 600gm. Body thickness is 5mm. the 
dorsal surface ranged from black to dark brown, pale brown on ventral surface, 
mostly more than one degree of brown can be found on the body. The mouth is 
surrounded by 20 tentacles surrounded with a collar of conical papillae at their bases. 
Podia and papillae are small and numerous, undistinguishable from each other and 
scattered on both sides. Gonads consist of simple tubes forming a single tuft. 
Ossicles: ventral body wall with imperforated grains; rods and simple rosettes. Dorsal 
body wall with cross-shaped rods, and rosettes of more complex nature. Tube feet 
with smooth, straight rods sometimes perforated at their extremities (Figure-9).  
World distribution: It was described for the first time from the Red Sea by 
Cherbonnier in 1954, but with no information about the locality in which samples 
were collected and never recorded from any other locality. But in 1988, based on two 
small specimens, the same author recorded it from Madagascar Island and mentioned 
that this species needs more confirmation. Thus this species was considered to be 
endemic to the Red Sea (Semper, 1868). 
Local distribution and habitat : It is a subtidal shallow water species rarely found 
more than 20m depth. Found on sandy areas and sometimes on rocky substrates. The 
species is widely distributed along both the Gulf of Aqaba and Red Sea proper. It was 
recorded from 75 sites along the Egyptian coast of the Red Sea 
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Figure 9: Bohadschia cousteaui A: cross shaped rods and rosettes of dorsal body wall. B: grain 
rods and rosettes of ventral body wall. Scale bar A-B represents 100 µm.    
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2.4.1.6- Bohadschia tenuissima  Semper, 1868 
Description  
Body cylindrical the dorsal side of the animal thicker than the ventral side. Anus is 
guarded with five distinct anal papillae. Body size is moderate to large. Maximum 
recorded size is 30cm, commonly 20cm, average weight 800gm. 
 The colour varies from dark yellow dorsally and pale yellow to white ventrally. 
Tentacles are 20 the base of the tentacles surrounded by a collar of papillae. Ventral 
podia numerous, long and cylindrical, while the dorsal podia less in number and 
conical in shape. Gonads consist of simple tubes with numerous branches forming a 
single tuft. Ossicles: ventral body wall with some perforated grains and numerous 
rosettes. Dorsal body wall with rosettes, Tentacles with rods (Figure-10).  
World distribution: It was recorded in the Red Sea and from Sri Lanka area, Bay of 
Bengal, East Indies, Philippine Island, China and South Japan, and South Pacific 
Islands (Semper, 1868). 
Local distribution and habitat: The species commonly found in sandy lagoons and 
sea grass bed. A shallow water species usually found from 5to 15m depth. It is widely 
distributed along the Gulf of Aqaba and the Red Sea proper it was recorded in 54 sites 
along the Egyptian Red Sea coast  
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Figure 10: Bohadschia tenuissima A: grains and rosettes of dorsal body wall. B: grains and rosettes of 
ventral body wall. Scale bar A-B represents 100 µm. 
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Bohadschia tenussima 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bohadschia marmorata 
 
 
 
Figure 11: The three recorded Bohadschia from the Red Sea photographed from the Red Sea 
coast of Egypt and Gulf of Aqaba. (Photographed by M.I. Ahmed) scale bar 10cm. 
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2.4.1.7- Bohadschia marmorata Jaeger, 1833 
Description:  
The body is cylindrical in cross-section, grow to a maximum length of 40cm. the body 
colour is generally light yellowish ventrally, brownish dorsally, spotted by numerous 
small brown spots. Mouth is ventral surrounded by 20 light brown small tentacles. 
Anus terminal, relatively large, surrounded by a brown line, the body wall is thick and 
covered with numerous papillae, each with a dark ring around its base. The cuvierian 
tubules are readily ejected. Ossicles: tentacles with spiny rods at the extremities. 
Ventral body wall with grains of various forms that can be perforated or not, dorsal 
body wall with rosettes and perforated grains (Figure-12).  
World distribution: Widely distributed from the Red Sea to Australia including 
Indonesia, the Philippines and southern Japan (Jaeger, 1833). 
Local distribution and habitat: The species is widely distributed along the Red Sea 
coast of Egypt and Gulf of Aqaba. It was usually found in shallow water, rarely in 
depths more than 20m; mostly in coastal lagoons and inner reef flats; abundant in 
sandy-muddy sediments where it burrows most of the time. 
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Figure 12: Bohadschia marmorata A: grains and rosettes of dorsal body wall. B: grains 
perforated grains and rosettes of ventral body wall. Scale bar A-B represents 100 µm. 
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2.4.1.8- Holothuria (Halodeima) edulis Lesson, 1830 
Description: 
The body is stout approximately cylindrical in shape with tapering ends or vermiform 
but with somewhat flattened ventral sole, body wall soft but fairly thick. The 
maximum recorded length is 30cm, commonly 20cm; mean live weight 200gm; body 
wall thickness about 3mm. The body colour is very characteristic with a black dorsal 
surface and pink ventral surface. The mouth is ventral surrounded by 20 grey 
tentacles, big and have collar of papillae around their bases. The podia are cylindrical, 
scattered ventrally on the radius and inter-radius. Gonads composed of simple tubes 
with numerous branches forming a single tuft. The anus is usually lacking anal 
papillae and sub-terminal in their position. Ossicles: tentacles with well-developed 
rods spiny at the extremities, body wall with tables and button-like rosettes, similar in 
shape in both dorsal and ventral body wall (Figure-13).  
World distribution: The species is widely distributed. It is recorded from East 
Africa, Madagascar Island, Southeast Arabia, the Arabian Gulf, Maldives area South 
Pacific Islands, Philippines and Australia (Lesson, 1830). 
Local distribution and habitat: It is a very rare species along the Egyptian coast of 
the Red Sea and Gulf of Aqaba. It was rarely found in depths of more than 30m; 
mostly in inner and outer flats of costal reefs, back reefs, or shallow coastal lagoons 
  
 60 
 
Figure 13: Holothuria edulis. A: tables and plates of both dorsal and ventral body wall. B: buttons of 
dorsal body wall. C: buttons of ventral body wall. Scale bar A-C represents 100 µm.  
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2.4.1.9- Holothuria atra (Halodima) Jaeger, 1833  
Description: 
 The body is cylindrical, elongate, with rounded ends, tegument smooth, often covered 
by sand, but also showing round patches lacking sand. A red toxic fluid is secreted 
upon rubbing the body surface vigorously. The maximum recorded length is 30cm, 
commonly 20cm, mean live weight about 300gm [the recorded length and weight for 
this species in the Egyptian water was smaller than those recorded for the same 
species world wide. The maximum length for the species was 45cm and weight can 
reach 1kg (Conand, 1998)]. The mouth is ventral surrounded by 20 black tentacles, 
fairly long, leafy shape, with collar of papillae around the base of the tentacles. Podia 
consists of numerous pedicles crowded on the ventral surface. Colour uniformly 
black, gonads in a single tuft and consist of simple tubes with numerous branches. 
The anus is terminal and without anal papillae. Ossicles: tentacles with well-
developed rods, spiny at extremities. Body wall with tables and rosettes. Tables from 
the ventral body wall with a larger, more spinose disc than tables from dorsal body 
wall. Table disc perforated by four central and four peripheral holes, with high spire 
ending in a Maltese cross. Rosettes numerous and simple (Figure-14). 
World distribution: A cosmopolitan species widely distributed along the Indo-
Pacific area. It was recorded from Islands of West Indian Ocean, Mascarene Islands, 
East Africa, Madagascar Island, South East Arabia, the Arabian Gulf West India and 
Pakistan, Maldives area, Sri Lanka area, Bay of Bengal, East Indies, North Australia, 
Philippine Islands, Indonesia, China and Japan , South Pacific Islands and Hawaiian 
Islands (Jaeger, 1833). 
Local distribution and habitat: The species considered to be one of the most 
common shallow water species in all habitats along the Red Sea coast of Egypt. It 
was recorded in 89 sites during the survey in both Gulf of Aqaba and Red Sea. It was 
rarely found in depths more than 20m. Very common in inner and outer reef flats and 
back reefs or shallow coastal lagoons; abundant on all type of habitat (coral reef, sea 
grasses, sand)    
  
 62 
 
Figure 14: Holothuria atra. A: tables and rosettes of dorsal body wall. B: tables and rosettes of ventral 
body wall. Scale bar A-B represents 100 µm.  
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Holothuria edulis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Holothuria atra 
 
 
 
Figure 15 : Holothuria edulis and Holothuria atra photographed from the Red Sea coast of Egypt 
and Gulf of Aqaba. (Photographed by M.I. Ahmed) scale bar 10cm. 
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2.4.1.10- Holothuria leucospilota Brandt, 1835 
Description: 
 The body is very elongate, narrower interiorly than posteriorly. Tegument is very 
smooth. The maximum recorded length was 65cm, commonly 40cm; mean live 
weight about 250gm; body wall thickness is 3mm [For the same species it was 
recorded by Conand that the maximum length is 55cm (Conand, 1998), but in the Red 
Sea it was very common to measure samples on site larger than 60cm]. The body 
colour is entirely black. The mouth is ventral surrounded by 20 black tentacles, 
sometimes brown; leafy shape with no collar of papillae around its base. Podia and 
papillae randomly distributed on dorsal surface. The anus is sub-dorsal in position. 
Gonads consist of simple tubes with numerous branches forming a single tuft. 
Ossicles: body wall with tables and buttons. Tables numerous, disc perforated by 4 
large central holes and 4-15 small peripheral holes, rim of the disc spinose; 4 short 
pillar forming a spire united by one cross beam and ending in a crown of sharp 
spines, with a large central hole. Button few with 3 pairs of holes (Figure-16).   
World distribution: A cosmopolitan species well distributed along Indo-West Pacific 
region. It was recorded from Islands from West Indian Ocean, Mascarene Islands, 
East Africa, Madagascar Island, South East Arabia, Arabian Gulf West India, 
Pakistan, Maldives area Sri Lanka area, Bay of Bengal, East Indies, North Australia, 
Philippine Islands, Indonesia, China and Japan South Pacific Islands and Hawaiian 
Islands (Brandt, 1835). 
Local distribution and habitat: The species is widely distributed along the Red Sea 
and Gulf of Aqaba. It was recorded in 102 sites along the Egyptian coast of the Red 
Sea. It was rarely to be found in depth more than 20m; mostly on outer and inner reef 
flats, black reefs, and shallow coastal lagoons, abundant in seagrass beds, sandy-
muddy grounds with rubble or coral patches where it hides the posterior part of body 
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Figure 16: Holothuria leucospilota A: tables of dorsal and ventral body wall. B: button of ventral 
and dorsal body wall. Scale bar A-B represents 100 µm. 
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2.4.1.11- Holothuria (Metriatyla) scabra Jaeger, 1833 
 Description:  
 The body is oval, arched dorsally and flattened ventrally. Dorsal surface with 
characteristic wrinkles, covered by sediment when the animal is coming from the 
bottom. Dorsal surface with small papillae within black dots. The maximum recorded  
length 37cm, commonly 25cm; mean live weight about 0.5kg up to 1kg.body wall 
thickness about 6mm. The colour of the dorsal surface is black, sometimes whitish to 
grey, while the ventral surface usually lighter, generally whitish. The mouth is ventral 
surrounded by a collar of papillae and 20 grey, short and stout tentacles. The ventral 
podia are numerous, cylindrical and scattered on the trivium, dorsal podia irregularly 
arranged, big and conical. Gonads consist of simple tubes with numerous branches 
forming a single tuft. Ossicles: tentacles with rods. Dorsal body wall with tables, 
buttons and rods. Tables with disc perforated by 1-4 central holes and 8-10 peripheral 
holes, rim of disc undulating; spire low, ending in a simple spiny crown. Buttons 
smooth or knobbed, perforated by 3-6 evenly distributed regular holes (Figure-17). 
 World distribution: The species is widely distributed in the Indo-West Pacific 
region. It was recorded from Mascarene Island, East Africa and Madagascar, Red Sea, 
Southeast Arabia, Sri Lanka area. Bay of Bengal, East Indies, North Australia, 
Philippine Island, China and South Japan (Jaeger, 1833). 
Local distribution and habitat: It is considered to be one of the first class 
commercial species world wide and in Egypt as well. The species have been subjected 
to a very heavy fishing activity which affects the distribution and the abundance of the 
species. In spite of the huge catch recorded for the species it was only recorded in few 
sites on the Red Sea. No evidence for the presence of the species on the Gulf of 
Aqaba. The species were found in very low densities except in a case of one site. It 
was usually  found in shallow waters, rarely in depth more than 15m; mostly in inner 
reef flats or fringing  and lagoon-islet reefs. Burrows in mud and sand-muddy bottoms 
where the populations can reach high densities. 
  
 67 
 
Figure 17: Holothuria scabra. A: tables and buttons of dorsal body wall. B: tables and buttons of 
ventral body wall. . Scale bar A-B represents 100 µm.  
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2.4.1.12- Holothuria (Thymiosycia) impatiens  Forskal, 1775 
Description: 
 The body is cylindrical in shape and often tapering at the anterior end. Body is 
sandy in touch and very warty in general appearance. The maximum recorded length 
is 25cm, mainly 15cm; main weight 200gm; body wall thickness 2mm.  
The colour is mottled grey to reddish brown with longitudinal dark brown strips on 
the dorsal side. The mouth is terminal surrounded by 22 small brown, leafy tentacles. 
Pedicels and papillae usually distributed irregularly on the dorsal and ventral surface. 
Gonads composed of a single tuft, of simple tubes with numerous branches. Ossicles: 
tentacles with curved rods, spiny at the extremities. Ventral and dorsal body wall with 
similar tables and buttons. Rim of disc smooth, rounded to squarish in outline, 
perforated by four central and up to eight, relatively large peripheral holes; spire 
consists of four short pillars, united by a single cross beam, ending in a spiny crown 
with large central hole. Buttons smooth with three to four pairs of holes, irregular, 
sometimes with median longitudinal ridge (Figure-18).    
World distribution: The species is widely distributed in the Indo-West Pacific region 
with a considerable abundance. This species is exists along the coasts of West Indian 
Ocean, Mascarene Island, East Africa, Madagascar Island, red Sea, South East 
Arabia, Arabian Gulf, Maldives Islands, Sri Lanka Bay of Bengal, East Indies, North 
Australia, Philippine Island, China and South Japan, South Pacific and Hawaiian 
(Forskal, 1775) 
Local distribution and habitat: The species is very restricted in abundance. It was 
not recorded from the Gulf of Aqaba. It was usually found in shallow water, rarely 
more than 15m depth. In reef flat on coral reef and sandy beaches. 
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Figure 18: Holothuria impatiens A: tables of dorsal and ventral body wall. B: buttons of dorsal 
and ventral body wall C: rods of ventral body wall. Scale bar A-C represents 100 µm. 
  
 70 
 
 
 
 
 
 
 
   
Holothuria leucospilota 
 
 
 
 
 
 
Holothuria scabra 
 
 
 
 
 
 
 
 
 
 
 
Holothuria impatiens 
Figure 19:  Holothuria  leucospilota, Holothuria scabra and Holothuria impatiens  photographed 
from the Red Sea coast of Egypt and Gulf of Aqaba (Photographed by M.I. Ahmed) scale bar 10 
cm. 
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2.4.1.13- Holothuria (Metriatyla) albiventer Semper, 1868 
Description: 
 Relatively small species, maximum size of the collected samples of 15-cm. Ventral 
side greyish in colour with large, whitish, conical extensions, each of them bearing a 
whitish grey podium; dorsal side variegated white-grey with conical extension similar 
in shape, but not in colour and colouration, to the one of the ventral surface. Body 
wall is about 3mm thick. Mouth ventral, surrounded by 20 small beige tentacles, 
surrounded at their base by a ring of small papillae. Anus terminal, surrounded by 
some papillae. Tube feet along the body wall arranged in rows. Cuvierian tubules 
present. Calcareous ring relatively stout. Ossicles: tentacles with rods, ventral and 
dorsal body wall consists of numerous, tables and buttons, buttons smooth , irregular; 
perforated by 4-5 regular holes, tables smooth, perforated by four to six central holes 
and up to 15 peripheral holes (Figure-21).   
World distribution: The species was recorded from east Africa, Red Sea, Maldives 
area, Hainan Island, the Philippines, East Indies, S Pacific Is and northern Australia 
(Semper, 1868) 
Local distribution and habitat: One of the rare species on the Red Sea. The species 
was not recorded from the Gulf of Aqaba. One of the species first recorded on the 
Egyptian Red Sea. It was found in sub-tidal rocky beaches, sandy beaches, seagrass 
beds and coral reefs. Usually attached under rock. Not more than 10m deep. 
 
Holothuria albiventer 
Figure 20: Holothuria  albivnter photographed from the Red Sea coast of Egypt and Gulf of 
Aqaba (Photographed by M.I. Ahmed) scale bar 10cm. 
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Figure 21: Holothuria albiventer A: tables and buttons of dorsal body wall B: tables and buttons of 
ventral body wall C: rods of ventral body wall. Scale bar A-C represents 100 µm. 
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2.4.1.14- Holothuria (Microthele) fuscogilva Cherbonnier, 1980 
Description: 
 The body is sub-oval, stout, firm and rigid, arched dorsally and flattened ventrally. 
The dorsal surface with characteristic large papillae (teats) and often covered by sand. 
The maximum recorded length is 60cm, commonly about 40cm; mean weight 2.5kg 
up to 4 kg body wall thickness about 12mm. The colour of the   dorsal surface is 
brown with more or less distinct whitish spots, becoming larger on sides, while the 
ventral surface lighter generally whitish. The mouth is ventral, surrounded by a collar 
of long yellowish papillae and 20 grey, stout tentacles. Ossicles: tentacles with rods, 
spiny at extremities. Ventral body wall with tables, disc irregular with rounded rim; 
unknobbed; four central holes; 10-15 peripheral holes: 4 pillars; and a single cross 
beam with a spiny crown. Buttons simple with irregular rim, 4-5 pairs of holes; 
slightly knobbed. Dorsal body wall with tables disc irregular with rounded rim; 
knobbed disc; perforated by 4 central holes and 15 peripheral holes; 4-6 pillars; single 
cross beam; spiny; massive crown (Figure-22).   
World distribution: The species was recorded from east Africa, Red Sea, Maldives 
area, Hainan Island, the Philippines, East Indies, S Pacific Is and northern Australia 
(Semper, 1868) 
Local distribution and habitat: One of the species first recorded on the Egyptian 
Red Sea (Ahmed, 2006). It was found in sub-tidal rocky beaches, sandy beaches, 
seagrass beds and coral reefs. Usually attached under rock. Not more than 10m deep 
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Figure 22: Holothuria fuscogilva A: tables of dorsal and ventral body wall. B: buttons of dorsal 
and ventral body wall. Scale bar A-B represents 100 µm. 
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Holothuria nobilis 
 
 
 
 
 
 
 
Holothuria fuscogilva 
Figure 23: Holothuria nobilis and Holothuria fuscogilva photographed from the Red Sea coast of 
Egypt and Gulf of Aqaba (Photographed by M.I. Ahmed) scale bar 10cm. 
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2.4.1.15- Holothuria (Microthele) nobilis Selenka, 1867 
 Description:   
 The body is sub-oval, stout, firm and rigid. Arched dorsally, and flattened ventrally. 
Dorsal surface with characteristic large lateral papillae (teats) and often covered by 
sand. The maximum recorded length is 55cm, commonly to about 35cm; mean live 
weight about 1.5kg up to 4kg less variable than in H.fuscogilva; the dorsal surface is 
black while the ventral surface is lighter, generally greyish. The mouth is ventral 
surrounded by 2 rows of black papillae and 20 grey, stout tentacles Cuvierian tubules 
present, but never expelled. The anus surrounded by short papillae. Ossicles: 
Tentacles with straight or slightly curved rods, spiny at the extremities, tables reduced 
to the disc with some knobs. Ventral and dorsal body wall with tables ellipsoids. 
Tables: rim of the disc smooth, perforated by four large central holes and 4-12 
peripheral holes; 4 pillars forming a short spire united by a single cross beam ending 
in a dense crown of spines. Ellipsoids: very numerous; knobbed; 6-10 pairs of holes. 
Usually dorsal ellipsoids is more complex than ventral ones (Figure-24).     
World distribution: A widely distributed holothurian in the tropical Indo-Pacific. It 
was recorded from Mascarene Island, East Africa and Madagascar, Sri Lanka area. 
Bay of Bengal, East Indies, North Australia, Philippine Island, China and South Japan 
(Selenka, 1867). 
Local distribution and habitat: The species is rare along the Red Sea coast and Gulf 
of Aqaba. The reason might be again because the species is considered to be one of 
the first class Beche-de-mer and it is heavily exploited. The species inhabits shallower 
waters than H.fuscogilva mostly found from the surface to a depth of 15m; generally 
occurs on reef flats, slopes, and in shallow seagrass beds. Collected by hand at low 
tide, or by snorkelling in high tides. 
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Figure 24: Holothuria nobilis A: tables of body wall. B: rugose ellipsoids of body wall. C: large 
multiperforated plates of body wall. Scale bar A-C represents 100 µm. 
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2.4.1.16- Stichopus herrmanni [previously known as Variegatus] Semper,1868 
Description: 
 The body is firm, rigid, and squarish in cross-section, flattened ventrally. The body 
wall is easily disintegrates outside seawater (it was very hard to keep the preserved 
specimens in its live shape). The dorsal surface is covered with irregular conical 
warts, arranged in 8 longitudinal rows, with smaller papillae. The ventral surface with 
yellow to pink podia, arranged in rows on the radii. The maximum-recorded length is 
80cm (this was only one sample collected from Abo - Monkar Island on Hurgada). 
[This is much bigger than the recorded length for this species in Conand, (1998) who 
recorded that the maximum length for Stichopus varigatus (hermanni) as 50 cm. It 
might be important that the island is one of the protected islands in the Red sea and 
the species has been collected from very shallow water of only 5 m].  The common 
length for the species is 50 cm; mean live weight about 1 kg. The body colour ranging 
from yellow to greenish, with black spots, ventral surface usually lighter. The mouth 
is ventrally surrounded by a circle of conical papillae and 20 yellowish tentacles. The 
anus is terminal. Ossicles: Tentacles with curved rods, spiny at extremities. Ventral 
and dorsal body wall present tables, rosettes and C-shaped rods. C-shaped rods very 
numerous. Tables with rounded disc, perforated by 4 central holes and 4-8 peripheral 
holes, spire short, 4 pillars united by a single cross beam, ending in a narrow spined 
crown (Figure-25).  
World distribution: The species is widely distributed the tropical Indo-Pacific, 
except the Hawiian islands. It been recorded from the Red Sea, Arabian Gulf, 
Maladive area, East Indies to Philippine; south Pacific islands, Hawaiian, Galapagos 
and west coast of North America (Semper, 1868). 
Local distribution and habitat: The species is widely distributed along the Gulf of 
Aqaba and Red sea. It been recorded from 24 sites along the Egyptian coast of the 
Red Sea. One of the shallow-water species of The Red Sea usually found in depths 
below 20m. Found in costal reefs and lagoons, commonly occurs in seagrass beds, 
rubbles, and muddy-sand bottoms 
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Figure 25: Stichopus hermanni. A: rosettes of body wall. B: C-shaped bodies in body wall. C: tables of 
body wall. Scale bar A-C represents 100 µm.  
 
Stichopus hermanni. 
 
Figure 26: Stichopus hermanni photographed from the Red Sea coast of Egypt and Gulf of Aqaba 
(Photographed by M.I. Ahmed) scale bar 10cm. 
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2.4.1.17- Synapta maculata Chamisso & Eysenhardt, 1821 
Description: 
The body is cylindrical, snake like, transculant with sticky rough and warty surface. 
The maximum recorded length is 2m, commonly more than 1 m (this spcies can be 
extended to more than this so no accurate measure was available for the species) ; 
mean weight 100gm. Body wall thickness 1mm. greenish-brown in colour, sometimes 
yellowish. 15 tentacles each of them has 30 to 40 digitations connected by membranes 
surround the mouth. Internally the branched polian vesicles and amreporic canal are 
so distinctive. Ossicles: Body wall with Anchors, andchor-plates and military 
granules. Anchors, stock unbranched but finely toothed; arms smooth. Anchor-plates: 
bridges usually weel developed, irregular, occasionally with more or less prominent 
spines; central hole in the anchor plates usually with a fine meshwork; anterior side of 
the plate with numerous small holes; posterior side with larger holes. Military 
granules are simple rosettes of irregular shape (Figure-27). 
World distribution: The species is widely distributed a long the Indo-Pacific region, 
it been recorded from This species is exists along the coasts of West Indian Ocean, 
Mascarene Island, East Africa, Madagascar Island, red Sea, South East Arabia, 
Arabian Gulf, Maldives Islands, Sri Lanka Bay of Bengal, East Indies, North 
Australia, Philippine Island, China and South Japan, South Pacific and Hawaiian 
(Chamisso & Eysenhardt, 1821).  
Local distribution and habitat: The species is widely distributed along the Red Sea 
and the Gulf of Aqaba. It been recorded from 12 sites along the Egyptian coast of the 
Red Sea. Usually in sandy lagoons and seagrass patches. Rarely between dead coral. 
Usually found in subtidal areas. Depth range started from 5 to 20m 
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Figure 27: Synapta maculate. A: Miliary granules of body wall. B: Anchor of body wall. C: 
Anchor plate of body wall. Scale bar A-C represents 100 µm. 
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2.4.1.18- Synaptula reciprocans Forskal, 1775 
Description: 
The body is cylindrical, worm–like, transculant with sticky rough and warty surface. 
It is a small specie with the maximum-recorded length of 20cm; mainly 15cm. The 
body colour is white with two black strips running longitudinal on the body. The 
mouth is surrounded by 11 tentacles, each tentacles usually has 15-17 pairs of digits 
webbed together. Ossicles: Body wall with Anchors, Anchor-plates and miliary 
granules. Anchors of dorsal and ventral body wall are the same shape: stock 
unbranched, finely dented at the periphery, arms smooth and a few tooth on the 
vertex. Anchor-plates of both dorsal and ventral body wall are the same: 6 serrated 
holes and three smooth articular holes, bridges slightly knobbed to spiny; posterior 
holes1-6. Miliary granules, from rosettes to dissociated grains, tentacles with miliary 
granules only (Figure-29).    
World distribution: first recorded for the east African Coast, Gulf of Aqaba and the 
Red Sea. The species has a tropical Indo-west Pacific Ocean distribution (Massin, 
1999) 
Local distribution and Habitat: The species is widely distributed along the Red Sea 
and Gulf of Aqaba. It was found in sandy lagoons and seagrass patches, sometimes on 
dead coral, usually in subtidal areas. Depth range started from 5 to 20m. 
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Synapta maculate 
 
 
 
 
 
 
 
 
 Synaptula reciprocans 
Figure 28: Synapta maculate and Synaptila reciprocans photographed from the Red Sea coast of 
Egypt and Gulf of Aqaba (Photographed by M.I. Ahmed) scale bar 10cm. 
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Figure 29:  Synaptula reciprocans: A. miliary granules of tentacles and body wall. B: Anchors of 
both dorsal and ventral body wall. C: Anchor-plate of dorsal and ventral body wall. Scale bar A-
C represents 100 µm. 
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2.5- Discussion  
 
2.5.1- Morphological examination  
18 different species of sea cucumber were recorded and identified from the Red Sea 
coast of Egypt and Gulf of Aqaba. All the species were identified using 
morphological and spicules examinations and by using the collection at the Natural 
History Museum in London and the available keys for sea cucumber identification 
(Canon and Silver 1987, Clark and Rowe 1971, Clark 1969). Three different species 
of the genus Actinopyga were collected. Of those two morphotypes from the species 
Actinopyga mauritiana were collected and Actinopyga crassa. The description and the 
separation of the two morphotypes of A. mauritiana are described in details in the 
next chapter. Three species were also described from the genus Bohadchia; 
B.marmorata; B.cousteaui and B.tenussima. One species of the genus Pearsonthuria;  
Pearsonthuria graeffei. Eight species were recorded from the genus Holothuria. Three 
of them were with highly commercial value; H.scabra; H.nobilis and H.fuscogilva 
(FAO, 2004). Other species were H.atra; H. leucospilota; H. edulis; H. impatiens and 
H. albiventer. One species were recorded from the Family: Stichopidae; Stichopus 
hermanni and two from the Family Synaptidae Synapta maculate and Synaptula 
reciprocans.  
2.5.3- Holothuria nobilis vs. Holothuria fuscogilva  
Row and Gates, (1995) after examination of extant type specimens were the first to 
regard H. fuscogilva as a junior synonym of H. nobilis. Massin (1999) later analysed 
four different specimens and conclusively showed that H. nobilis is a highly variable 
species in terms of body colour and ossicles. The samples collected from the Red Sea 
and Gulf of Aqaba allow testing his hypothesis. According to Charbonnier (1980), 
H.fuscogilva has beige to greyish brown colouration, lacks Cuvierian tubules, and 
presents ossicles which differ from those found in H.nobilis in having tables with a 
larger more spiny crown, a disc which can be knobbed and button-like ossicles which 
consist of simple rugose buttons together with rugose ellipsoids in the ventral body 
wall, while the dorsal body wall presents rugose ellipsoids only, H. nobilis on the 
other hand has a grey to black colouration with the lateral teats whitish, always 
presents cuvierian tubules and ossicles that differ to those of H. fuscogilva in having 
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much smaller rods, plates and pseudo-plates in tentacles; only ellipsoids in ventral 
body wall. Cherbonnier (1980) also noted that the two species occur in a different 
habitat; H. nobilis can be found from 0-30 m deep, H. fuscogilva has a narrower depth 
range of 10-20 m. Samyan (2003) examined samples collected from the Red Sea and 
his results seems to further support that H.fuscogilva should be regarded as junior 
synonym of H.nobilis (Rowe, in Rowe and Gate, 1995; Massin, 1999; Samyan, 2003). 
However, Conand (1981, 1993) investigated the population and reproductive biology 
of both forms in New Caledonia and discovered that the white teat fish H. fuscogilva 
reproduces in the warm seasons, while black teatfish H. nobilis reproduces in cold 
seasons. Moreover, Mortensen (1938) found that an H. nobilis individual from the 
Red Sea reproduces during the warm rather than during the cold season, or indeed 
looking for a more convenient technique to resolve the problem.       
The present analysis for samples collected from the Red Sea and Gulf of Aqaba 
confirms the high variability between the two species (forms). The two colour forms 
of teat fish can easily be distinguished in our samples: the H. nobilis form present in 
black dorsal side, with in between some brownish areas and a flattened, uniform white 
to grey with a few black spots ventral side; the teats are usually whitish to yellow in 
colour (Figure 2.21); the H. fuscogilva forms are greyish- brown dorsally, grey to 
dirty white ventrally, the teats are usually the same colour of dorsal body wall greyish 
to brown (Figure 2.21). in terms of ossicles differences can be found between the two 
forms, H. nobilis always present pseudo-plates and small knobbed plates on their 
tentacles, where H. fuscogilva only presents rods of the same size and shape, the body 
wall ossicles of both the teat fish species (forms) are much a like. However, H. 
fuscogilva have in addition to rugose ellipsoids, numerous smooth to slightly rugose 
buttons in the ventral body wall. Although the described differences between the tow 
species (forms) matches the description of (Samyan, 2003), he consider the 
differences to be intra rather than interspecific differences.  
Our results disagree with considering H. fuscogilva as junior synonym of H.nobilis 
(Rowe, in Rowe and Gate, 1995; Massin, 1999; Samyan, 2003) and agree with that 
they should be kept as two different species as described by Cherbonnier, 1980. 
However, disagree with the habitat description for both the species by Cherbonnier 
(1980), where in the Red Sea and Gulf of Aqaba the black teat fish H. nobilis seems 
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to inhabit only shallow waters with a depth range between 0-15m deep, while the 
white teat fish H. fuscogilva seems to rather prefer deeper water 10-40m deep 
(Ahmed, 2006; Lawrence et al, 2004).  
2.5.4- Pearsonothguria graeffei  
Pearsonothguria graeffei (Levin et al, 1984), also called Holothuria graeefi (Semper, 
1868) and Bohadschia graeffei (Panning, 1929), the juvenile and adult are so 
different, that they could be mistaken for species belonging to different genera 
(Massin, 1996). Gosliner and Behrens (1990) have observed in Papua New Guinea 
several intermediary colours stages between the juveniles and the adults. However, 
they did not describe ossicle changes. Another study of three juveniles from Malaysia 
and the Philippines shows that the problem is more complex. Two of the juveniles had 
ossicles that match the description for P. graeffei, whereas the third one shows well-
developed ossicles (tables and C-shaped rods) characteristic of Stichopiddae. This 
suggests that it concerns another species and that the juveniles of other Holothurians 
can have spicules similar to   those of other species (Massin, 1996). However, in our 
current study no juvenile of P. graeffei were collected the adults were easily 
distinguished from other Holothurians morphologically.  
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Pearsonthuria graeffei photographed by M.I.Ahmed Red Sea  
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3.1- Introduction  
 
The identification of all genera and species of Holothuroids depends almost entirely 
on the morphological characters of the animals and the form and combinations of the 
calcareous spicules found in the body wall and podia. These are commonly 
subdivided into three-dimensional ones (i.e. tables) near the surface, and two-
dimensional ones (i.e. buttons and rods) deeper in the body wall. Though in some taxa 
(e.g. Actinopyga and Bohadschia) the necessity for roughening the surface seems to 
be absent and only one kind of spicules, the two-dimensional branched rods or flat 
plates, is present (Pearson, 1914; Deichmann, 1958; Rowe, 1969; Clark and Rowe, 
1971). Other anatomical characters such as the number and arrangement of the 
tentacles, the presence or absence of the anal teeth or papillae, polian vesicles, stone 
canal and cuvierian organs are variable to some extent, even within species and 
therefore can rarely be used satisfactorily in classification (Clark and Rowe, 1971). 
The current method of sea cucumber identification needs much of expertise and 
proves to be unable to solve some long standing question on the sea cucumber 
taxonomy. Despite the fact that holothurians classification has a long and rich history, 
basic questions even, at higher taxonomic levels, on the classification and evolution 
remain. Examples were discussed in details in the previous chapter including the 
unidentified specimens in natural history museums, the inability to identify 
problematic still very common, some even commercial species of sea cucumber 
including Pearsonthuria graeffei; Holothuria nobilis; Holothuria fuscogilva and 
Holothuria atra. The time consuming and the high level of expertise that are needed 
also add to the problems of using morphology for sea cucumber identification.  
3.1.1- DNA Barcoding   
The DNA sequence analysis of a uniform target gene to enable species identification 
has been referred to as DNA barcoding, (Hebert, et al. 2003). A short DNA sequence 
should contain enough information to distinguish between species. The cytochrome 
oxidase subunit 1 (COI) gene has been used as a barcoding gene. One of the  
advantages of using the COI gene is that the universal primers for this gene are very 
robust (Folmer et al. 1994; Zhang & Hewitt 1997).   
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The approach of identifying sea cucumber using a DNA barcoding techniques seems 
to overcome all the disadvantages of using morphological keys; the life stage is not a 
problem were DNA can be obtained from larvae, juveniles and adults. The possibility 
of misidentification and morphologically cryptic species is overlooked by the fact that 
the approach is dealing with more stable and very characteristic features in the 
animals, that is mitochondrial DNA. In order to use such a technique such a high level 
of expertise is not needed.   
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3.2- Materials and Methods 
A total of 140 specimens of sea cucumber tissues were collected for DNA 
examination. Specimens representing 18 different species from different habitats and 
localities along the Red Sea coast of Egypt and Gulf of Aqaba. Figure -2 indicates 
sites where animals were collected. In order to optimize the extraction, amplification 
and sequencing techniques for sea cucumber specimen experiments were conducted 
on different preservatives, tissue parts and extraction techniques.     
3.2.1- Choice of preservatives  
Different methods of tissue preservation for DNA extraction were examined during 
the study in order to optimize the ideal method of the preservation of sea cucumber 
tissues. Firstly samples were preserved in 100 % ethanol immediately after collection.  
Secondly sea cucumber tissues were preserved in DMSO buffer solution immediately 
after collection. The third method was preserving the tissues in Propylene Glycol 
immediately after collection. Finally tissues of sea cucumber were immediately frozen 
in Liquid nitrogen and later transferred to a -80 ºC freezer.    
3.2.2 – Choice of animal tissue  
Different tissue parts of sea cucumber were examined for the best DNA yield. Tissues 
from the tentacles were chosen because tentacles are usually exposed hence the 
animal could be spared. Tissue parts from the outer skin were also taken for the same 
reason. And finally tissues were taken from the internal longitudinal muscles where 
their were no spicules to interfere with DNA extraction process.  
3.2.2 – Choice of DNA extraction methods  
Different extraction techniques were used in order to achieve the best DNA yield 
from sea cucumber tissues. DNA was extracted from one tissue sample per specimen 
using Qiagen DNA easy Tissue Kit #69504 following manufacturer's protocol. 
Phenol-choloroform extraction method was also used and finally the Hot Sodium 
Hydroxide and Tris (HotSHOT) (Biotechniques.  200) extraction technique was used. 
DNA yield was compared between extractions using agarose gel electrophoresis.  
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3.2.2.1 - Qiagen DNA easy Tissue Kit 
The method were used following Manufacturer's protocol; (see appendix)  
3.2.2.2- Phenol: chloroform extraction method 
Tissues were taken and dabed between clean sheets of tissue to remove excess 
ethanol, then added to 1.5 ml eppendorf tube. Grinded in 500µl extraction buffer to 
which 2% SDS has been freshly added. Add 10µl of Proteinase K for O/N digestion, 
(15-20µl if 4 hours). Incubated at 37ºC O/N or 55ºC for 4 hours, 500µl of Phenol: 
Chloroform: IAA (25:24:1) were added and placed in tumbler for 10-15 mins. Spin 
for 15 min. extract the aqueous phase to new labelled eppendorf. Add 500µl 
Chloroform: IAA and repeat tumbler/spin/extract to new tube, estimating volume with 
pipette. Add 2.5 volumes (~1ml) ice-cold absolute ethanol Place at -20ºC for 1 hour 
or -80ºC for ~20 mins.  Spin for 15 min and then carefully remove ethanol without 
disturbing the pellet, add 1ml of 70% ethanol and place on a tumbler for 20 min. Spin 
for 15 min, remove ethanol and repeat washing stage once more. Dry pellet 55ºC for 
10-15 mins. Resuspend in 50-100µl of buffer TE. 
3.2.2.3- Hot Sodium Hydroxide and Tris (HotSHOT) 
 1-2 mm were cut from the tissue and place in a 0.5 ml microcentrifuge tube.  75 µl of 
Alkaline Lysis Reagent were then added to the tissue then incubate at 95ºC for at 
least one hour and then 75 µl of Neutralization Reagent then added. Alkaline Lysis 
Reagent:   To 25 ml of water, 62.5 µl of 10 N NaOH (final conc is 25 mM) 10.0 µl of 
0.5 M disodium EDTA (final conc is 0.2 mM) was added (pH should be about 12). 
Neutralization Reagent: To 24 ml water, 1 ml of 1 M Tris-HCl (final conc is 40 
mM) (pH should be about 5) were added.  
3.2.3- PCR amplification and sequencing 
A region of the mitochondrial cytochrome oxidase I (COI) gene was amplified using 
primers described in (Table-3.1). Polymerase chain reaction was performed which 
comprised a 94°C/4 min initial denaturing step followed by 30 cycles of 94C/1min, 
55ºC/1min, and 72ºC/1min. A final elongation step of 72ºC/10min was used. The hot 
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lid method was used. Products were then visualized on a 1.5% agarose gel stained 
with ethidium bromide. Both strands were sequenced.  
Multiple COI sequences were manually entered and aligned using the codoncode 
aligner editor program. Sequence assembly and verification was performed with the 
aid of Aligner VX (CodonCode inc, NewYork). The sequences were aligned using 
clustal automated alignment algorithm (Thompson, et al 1994) then checked manually 
on the Mesquite software where codon positions were assigned. These codon 
positions were used to create a codons partition file to specify the evolutionary model. 
The evolutionary model most appropriate for mtDNA sequence analysis is the 
General Time Reversible (GTR) model (Stamatakis, et al, 2008) and this is the model 
used by all the leading maximum likelihood (ML) tree-building programs. ML trees 
were constructed using RAXML (Stamatakis, et al, 2008) specifying the codon 
partitions described above as the only modification to the default parameters. 
Confidence in nodes was assessed using the bootstrap (refers to a group of metaphors 
that share a common meaning, a self-sustaining process that proceeds without external 
help.) with 1000 pseudoreplicates performed in RAXML. Trees were uploaded into 
IToL (Letunic and Bork, 2006) and nodes with less than 50% support collapsed to 
reflect uncertainty in that aspect of the topology. 
 
Table 3.1 – Oligonucleotide primers. Nucleotides in brackets denote alternatives.  
Primer Sequence 5 '---3' 
COIaug5 (ACT)CG (AC)AT GAA (ACT)AT GAG (ACT)T 
COIaug3 CAT (GT) GC (AG) TA (AGCT) AC CAT (AGCT) CC 
COIe-F ATA ATG ATA GGA GG (AG) TTT GG 
COIe-R GCT CGT GT (AG) TCT AC(AG) TCC AT  
Holo-LCO TTT TCA ACT AA (AC) CAC AAG GAC ATT GG 
Holo_HCO TAA ACT TCT GGA TG (AG) CC (AG) AA (AG) AAT CA 
CO1-278F CTA ATG ATA GG(AT) GCC CC (CT) GAC ATG GC  
COI-790R CCT AGG TAC CC(AG) AA(AT) GG (CT) TCT TGC TT  
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3.3- Results  
 
3.3.1- Choice of Preservative results  
Liquid Nitrogen and 100% ethanol as preservatives were found to be very good in 
preserving sea cucumber DNA. In this study all samples preserved in Liquid nitrogen 
(total of 35 samples) were successful and about95% of the samples preserved in 100% 
ethanol were successful (total of 35 samples, 33 samples were successful). While only 
5 out of 35 were successfully preserved using DMSO buffer solution and only 1 out 
of 35 samples using propylene glycol.  
3.3.2- Choice of Body organs results 
Different body organs were tested to find the best organ to extract DNA from; 
External tegument (skin), internal muscles and tentacles. Total of 35 samples were 
tested for the best body organ for DNA extraction. All samples from the external body 
wall were unsuccessful, while only 8 samples were successful from the internal 
muscles; all the samples from the tentacles were successful and gave a good DNA 
yield, not only the good yield but also the advantage of sparing the animal and non-
destructive sampling.   
3.3.3- Choice of Extraction method result   
Different methods of extraction were tested to obtain the best DNA final product for 
the PCR reaction. DNAeasy kit was found to be the best method followed by the 
phenol-chloroform extraction method while the hotSHOT extraction method did not 
work with sea cucumber samples.  
3.4.3- DNA sequencing results  
DNA was extracted from 140 different individuals of sea cucumber collected from 
different locations and habitats along the Red Sea coast and Gulf of Aqaba. Only 120 
PCR products were obtained and then sequenced for the COI gene. DNA extractions 
from the samples are shown in (Figure-30) and PCR products are shown in (Figure- 
31). 
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A total of 18 sea cucumber species were identified along the Egyptian coast of the 
Red Sea and Gulf of Aqaba; Holothuria spinefra; Holothuria sp; Holothuria 
leucospilota; Holothuria impatiens; Holothuria nobilis; Holothuria fuscogilva; 
Holothuria scabra; Holothuria atra; Actinopyga mauritiana; Actinopyga sp. Nov; 
Actinopyga crassa; pearthonthuria graeefei; Bohadchia tenussima; Bohadchia 
marmorata; Bohadchia cousteaui; stichopus sp and Synaptula sp. Those species were 
distinguished from each others using morphological techniques described in the 
previous chapter. A maximum likelihood tree of all the species collected from the Red 
Sea is shown in (figure-32). Few sea cucumber sequences were obtained from 
genbank and were added to the sequences from the Red Sea. The resulting trees are 
shown in (Figure-33 and 34). Detailed maximum likelihood tree of the Bohadchia 
genus and Actinopyga are shown in figure (33), while detailed Holothuria tree is 
shown in figure (34).  
Figure -33 shows that all the Bohadchia species collected from the Red Sea and Gulf 
of Aqaba formed one clade with no differences between them; those (species) are 
morphologically different. The result in the same figure also showed that A.crassa 
falls within the Bohadchians clade and no significant distances between them. Figure 
-33 also showed that P.graeefei formed a distinct clade from both the Holothurians 
and Bohadchians with boots strap value of 100%. The figure also showed the 
significant divergence between the two morphs of A.mauritiana collected from the 
Red Sea coast of Egypt. Figure -34 showed the divergence between the Holothuria 
species from the Red Sea, the result shown in tree 34 showed that Holothuria spinefra 
and Holothuris sp were clustered together with no divergence between them; the 
results also showed that Holothuria nobilis and Holothuria fuscogilva formed two 
separate clades with bootstrap value of 100%. From the same figure it showed that 
H.sp EU220824 and EU220823 obtained from the genbank as unidentified sea 
cucumber falls within the  H.edulis clade.         
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Figure 30:  DNA extraction products visualized on agarose gel and stained with ethidium 
bromide. 
 
 
 
Figure 31:  PCR final products visualized on agarose gel stained with ethidium bromide. 
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Figure 32: Maximum likelihood tree of all sea cucumber species collected from the Egyptian Red 
Sea coast Pseudechinus magellanicus were used as an outgroup. Actinopyga crassa was highlited 
in red to show its placement whithing the Bohadchia clades.  
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Figure 33: Maximum likelihood tree of Bohadchia and Actinopyga species collected from the 
Egyptian Red Sea coast. Pseudechinus magellanicus were used as an outgroup. 
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Figure 34: Maximum likelihood tree of Holothuria species collected from the Egyptian Red Sea 
coast, and samples obtained from genbank. All genbank samples have succession number next to 
them. Pseudechinus magellanicus were used as an outgroup.  
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3.4- Discussion  
 
The morphological examination of all the specimens collected from the Red Sea coast 
of Egypt resulted on the identification of 18 different species of sea cucumber. All the 
species were identified using morphological characteristics and spicules examinations 
and by using the collection at the British Museum of  Natural History (BMNH) and 
the available keys for sea cucumber identification (Clark and Rowe 1971). Detailed 
description of all species and spicules examination was described in the previous 
chapter. 
PCR products were recovered from all sea cucumber species collected from the Red 
Sea and there was no evidence of the nuclear pseudogenes that have complicated 
some studies employing degenerate COI primers (Williams and Knowlton 2001). 
Moreover, the alignment of COI sequences was straightforward, as indels were 
uncommon, reinforcing the results of earlier work showing the rarity of indels in this 
gene (Mardulyn and Whitfield 1999). Aside from their ease of acquisition and 
alignment, the COI sequences of sea cucumber possessed, as expected, a high level of 
diversity. We demonstrated that differences in COI DNA sequences were sufficient to 
enable the reliable assignment of sea cucumber specimens to higher taxonomic 
categories. It is worth emphasizing that analysed sea cucumbers were placed in the 
correct order or phylum. We found that most of the species were unambiguously 
distinguishable from all other species because their barcode sequences formed 
distinct, non overlapping clusters in a maximum likelihood analysis. The species 
clusters showed an average bootstrap support of 98%, reflecting the fact that sequence 
divergences were generally much greater between species than within them. 
In the Bohadchia clade figure (33), all the Bohadchian species from the Red Sea and 
Gulf of Aqaba clustered together and formed one distinct clade. There was a very 
small genetic difference between the three species of Bohadchians collected from the 
Red Sea and Gulf of Aqaba. However, Bohadchia tenussima, Bohadchia cousteaui 
and Bohadchia marmorata. Those species are morphologically different with different 
colour patterns (Samyan, 2003) and different Ossicle combinations (as described in 
the previous chapter in detail). The molecular differences between the three species 
were very small, that might suggest that they should be merged together as 
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morophotype of the same species not as separate species. More data is required about 
the ecology, behaviour and distribution of the Bohadchian species along the Red Sea 
coast of Egypt and Gulf of Aqaba in order to confirm further investigation is required 
to investigate their status as separate species.  
Another striking result in the Bohadchians clade was that Actinopyga crass clustered 
within the Bohadchians clade not Actinopyga. Morphologically Actinopyga and 
Bohadchia are separated by the presence of five anal teeth around the anus area in the 
Actinopyga group, replaced by five anal papillai in case of the Bohadchia (Sayman, 
2003, Ahmed, 2006 and references within). In addition, the spicules of Actinopyga 
and Bohadchia are different but with small differences between them. Those anal 
teeth are visible by naked eye; therefore misidentification is not possible, high level of 
precaution were taken in the extraction of all species to avoid contaminations. And 
after the result the experiment were repeated for confirmation of the result. According 
to our data A.crassa should be relocated to be within the Bohadchia genus not the 
Actinopyga and the use of anal teeth as a distinguishing morphological character 
between the two genera should be reconsidered. Further research is needed to 
investigate the true taxonomy of A.crassa with more samples required to do both 
morphological and molecular examination.    
Two morphs of Actinopyga mauritiana were collected during our study. Our 
molecular results shows a large genetic divergence between the two morphs of 
A.mauritiana a similar divergence as observed between many other Holothuria 
species. The result indicates the presence of two species rather than one; more 
detailed results and data are given in Chapter-5 of this thesis on the new species.      
The Holothuria atra species collected from the Red Sea and Gulf of Aqaba, were also 
divergent from each other. This result might indicate that they are sibling species 
rather than one species. Detailed examination of the H.atra species complex is given 
in chapter -4 of this thesis.  
Some of the taxonomic questions were also cleared through our results, including 
Holothuria nobilis and Holothuria fuscogilva species complex and Pearthunsoria 
graeffei.  
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3.4.1 - Holothuria nobilis vs. Holothuria fuscogilva  
 Holothuria fuscogilva and Holothuria nobilis are very common 1st class commercial 
sea cucumber species. However, great contradiction between scientists on the 
classification of the two species, while some considers them as two different species 
(Massin 1999; Charbonnier 1980; Conand 1981, 1993) others consider them as 
synonyms (Rowe and Gates, 1995; Samyan 2003). Morphological and anatomical 
differences between the two teat fish sea cucumbers were discussed in details in the 
previous chapter.  
The molecular examination for the mitochondrial COI gene for both the species 
collected from the Red Sea supported our theory that they should be separated. Shows 
the differences between all the Holothuria species collected from the Red Sea and 
Gulf of Aqaba, the divergence occurs between H. fuscogilva and H. nobilis with 
100% branch support value. The genetic distance between H. nobilis and H. 
fuscogilva are the same as between H. nobilis and H. atra; H. edulis; H. leucospilota 
and other described holothurians from the Red Sea. A result clears enough to 
distinguish between two morphologically different species of sea cucumber. 
However, still problematic to identify using spicules and morphological examination, 
and highlighting the fact that using DNA barcoding of the COI gene in identifying 
and classifying sea cucumber of the Red Sea was successful and to be recommended 
as a new technique to be used for sea cucumber identification.    
3.4.2- Pearsonothguria graeffei  
Pearsonothguria graeffei (Levin et al, 1984), is another example of the inability of 
using morphological characters to resolve the classification of some of the very 
common sea cucumber species, with the  juvenile and adult are so different, that they 
could be mistaken for species belonging to different genera (Massin, 1996). The DNA 
barcoding technique does not depend on the life stage of the animal as we are dealing 
with Mitochondrial DNA not morphological characters. Another advantage for using 
molecular tools for identification is that fact that different life stages will not be an 
issue in correctly identifying the animals. Our molecular analysis result shows that all 
the P.graeefi specimens collected from the Red Sea were clustered together forming 
separate clades with 100% branch support value there was no overlap with other 
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clades. The result confirms the fact that P.graeefei should be considered as separate 
species from Holothurians and Bohadchians. 
2.6- Conclusion  
The use of DNA barcoding of the mitochondrial COI gene proves to be a good 
technique in resolving long standing problems in the identification of sea cucumber. 
Morphological examination and ossicles examination can lead to incorrect 
identification; on the other and no misidentification occurs using DNA barcoding. 
Morphological examination approach overlooks morphologically cryptic species; 
DNA barcoding was able to discriminate between species easily and effectively (i.e. 
H. nobilis and H. fuscogilva) morphological keys for identifying sea cucumber are 
effective only for a particular life stage (only adults), therefore it is very difficult to 
identify juveniles or larvae. Finally, the use of the morphologically based keys often 
demands such a high level of expertise. The simplicity and clarity of the extraction; 
PCR amplification and sequencing techniques used in DNA barcoding overcome this 
problem. The standard technique described in this chapter can easily be applied and 
used anywhere else for the identification of sea cucumber.  
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Holothuria atra photographed by M.I.Ahmed Red Sea 
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4.1- Introduction  
 
The formation of species has long represented one of the most central, yet one of the 
most difficult to define, subjects in evolutionary biology. Darwin (1859) used the 
mechanisms of natural selection in order to explain the origin of species. Later, both 
Dobzhansky (1937) and Mayr (1942), built on Darwin‘s work and used genetics and 
systematics primarily to move on understanding of the speciation process (Gould, 
1977).  As a result of these efforts, a model of speciation arose, termed allopatric 
speciation, in which a large, continuous population is broken up into smaller units by 
barriers; genetic exchange between these population stopped, and genetic divergence 
takes place between them. The build up of genetic differences leads eventually to 
reproductive isolation. If the separated populations reconnect with one another 
through the breakdown of the original barrier, they will remain reproductively isolated 
(Dobzhansky, 1937). 
Most of the early evidence for this process was based on discovery of species group 
that match the above scenario (Mayr, 1942). Some species have broad distributions; 
others are easily divided into allopatric subspecies whose taxonomic rank is debated 
(Palumbi, 1994). Even though Mayr, 1954 recognized this scenario in marine species, 
marine species often represent a serious challenge to the idea of allopatric speciation, 
especially where they possess high fecundity and larvae that can disperse long 
distances. Such attributes might be expected to limit the division of a species range 
into allopatric populations, because very few absolute barriers of gene flow exist in 
the oceans, and as a result, widely separated areas may be connected genetically. Thus 
allopatric speciation may be infrequent and slow (Mayr, 1954; Palumbi, 1992; 
Palumbi, 1994).    
Yet speciation in marine taxa is common enough with large number of marine groups 
like echinoderms (Emlet, et al, 1987) and fish (Brothers, et al 1983; Hourighan and 
Reese, 1987) have a huge number of species, some of which appear to be closely 
related (Knowlton, et al 1992; Knowlton, 1993; Palumbi, 1992). Thus, the 
generalization that allopatric speciation must be rare in marine taxa with high 
dispersal appears to be incorrect (Palumbi, 1993) or else they have speciated by non-
allopatric means. After speciation occurs, the morphological characters of the species 
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might change, and the resulting species may continue to diverge genetically in the 
absence of morphological differentiation, producing cryptic or sibling species.  
Sibling species are species that are difficult or impossible to distinguish based on 
morphological characters (Mayr and Ashlock, 1991). Mayr was the first to broadly 
review sibling species (Mayr, 1963), the existence of which formed a central part of 
his argument against the morphological species concept (Mayr, 1963). Sibling species 
are very common in marine invertebrates, Porifera (Boury-Esnault, et al. 1992; sole-
cava, et al, 1992); Cnidaria (Cunningham, et al, 1993; Thorpe, 1983; Knowlton, et al, 
1992; Van Veghel and Bak, 1993); Polychaeta (Weinberg, et al 1990; Rice, 1991); 
Mollusca (Dillon, 2000; Gardner, 1992); Arthropoda (Stanhope, et al, 1992, 
Knowlton, et al, 1993); Bryozoa (Jackson and Cheetham, 1990; Gomez, et al, 2007 
a,b) Echinodermata (Bermingham and Lessios, 1993; Kwast, et al 1990; Palumbi and 
Metz, 1991); Ascidiacea (Aron and Sole-Cava, 1991); marine vertebrates (Bowen et 
al, 1993, Lavery and Shaklee,1991). 
In recent years, molecular phylogenetic analyses have revealed cryptic diversities 
across a wide range of marine species including algae (Wright et al., 2000), sponges 
(Miller et al., 2001), crustaceans (Goetze, 2003; King and Hanner, 1998; Kitaura et 
al., 2002), cnidarians (Dawson and Jacobs, 2001; Holland et al., 2004), mollusks 
(Collin, 2000; Kirkendale and Meyer, 2004), bryozoans (Gomez, et al 2007 a,b; 
Hughes, et al 2008), ascidians (Tarjuelo et al., 2001), lancelets (Kon et al., 2006), 
fishes (Colborn et al., 2001;Miya and Nishida, 1997), and marine mammals (Wada et 
al., 2003) planktonic foraminifera (Darling, et al 1999; de Vargas, et al 1999; Kucera 
et al 2001; Stewart, et al 2001; and Darling and Wade, 2008), deep-sea clams 
(Vrijenhoek, et al. 1994); Calamary (Triantafillos and Adams, 2005), flat worms 
(Casu and Curini-Galletti, 2006), Cnidaria (Dawson and Jacobs, 2001); Pacific and 
Atlantic corals (Hironobu, et al 2004). 
The lack of aspects of basic biological information of most marine species contributes 
in several ways to the abundance of sibling species (Knowlton, 1993). For example, 
the method marine organisms are preserved destroys many characters taken for 
granted in other groups. Soft tissues are lost in many marine invertebrates with hard 
skeletons, as is colour in the many soft bodies groups for which liquid preservative is 
required. Moreover, marine species are less accessible for observation in their natural 
habitat than terrestrial species.  
  
 109 
Most of the discovered sibling species are very common, easily accessible and in 
some cases commercially important. As all the sibling species are identified using the 
morphological differences they are hard to discover, with morphological differences 
between them being very small unrecognized till the species are recognized for other 
reason genetically or chemically that these small morphological differences became 
visible (Knowlton et al, 1992).  
Accurate species identification is of great importance to evolutionary and ecological 
studies, enabling the understanding of the reproductive strategies; range of 
distribution and divergence patterns. However, the presence of sibling species has 
caused great deal of contradiction as they may appear morphologically similar yet be 
phylogenetically distinct. With the species thought to be cosmopolitan or able to 
inhabit different types of habitat and in fact they are more than one species in a 
cryptic species complex.  The rapid development of DNA analysis techniques now 
facilitates the description of cryptic species. Combined with the re-examination of 
traditional morphological characters will help in resolving systematic questions 
among sibling species groups (Haponski and Stepien 2008). 
 
In the case of holothurians (sea cucumbers or bêche-de- mer), a diverse and abundant 
group of echinoderms (Clark and Rowe 1971), information on basic biology is 
limited, with their simple body forms and lack of characteristic features between 
species, the presence of sibling species is highly likely in such a group.  
4.1.1- The Red Sea and Gulf of Aqaba  
The Red Sea, 2,200 km long, 300-400 km wide and an average 490m deep, has only a 
restricted water exchange with other seas. In the north, it is connected to the also 
semi-enclosed Mediterranean via the Suez Canal, whereas the southern end leads into 
the open ocean. This strait of Bab-El-Mandeb, is only 29 km wide and 130m deep, 
thus forming a narrow sill between the Red Sea and the Gulf of Aden (Sheppard, 
2000; Hoepner and Lattemann, 2002). Salinity increases considerably from south to 
north in the Red Sea, from ca.37 psu at Bab-El-Mandeb to more than 40 psu in the 
Gulf of Aqaba (Marcos, 1970). The Gulf of Aqaba is a deep, narrow northern–eastern 
extension of the Red Sea. It has a length of 180 km and is 6–25 km wide. It is 
separated from the Red Sea by a shallow sill of 242–270 m depth at the Straits of 
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Tiran. The transition from the Gulf of Aqaba to the Red Sea is a reduced version of 
the transition from the Red Sea to the Indian Ocean. This double semi-enclosure 
makes the Gulf of Aqaba a unique system (Hoepner and Lattemann, 2002).  
Roberts et al. (2002) consider the Red Sea as a multi-taxon centre of endemism and 
the Gulf of Aqaba is considered as a separate bio-geographical region within the Red 
Sea (Sheppard et al., 1992). Corals, fishes and other organisms of this area create 
distinct assemblages (Ormond and Edwards, 1987; Shepherd et al., 1992). Due to the 
special, fjord-like hydrographic and topographic situation in the Gulf of Aqaba, 
isolation of populations in the gulf might be possible. The shallow sill of the straits of 
Tiran acts as a geographic barrier that limits the species mixing between the gulf and 
the red sea. Little evidence is available on isolation between the Gulf of Aqba and the 
Red Sea. Abd El-Rahman (1997) reported differences in species diversity between the 
northern Red Sea and Gulf of Aqaba where plankton diversity decrease from south to 
north; the presence of a salinity barrier between the Gulf of Aqaba and the northern 
Red Sea that prevent the mixing between populations. Studies on the diversity and 
abundance of sea cucumber in the Red Sea showed significant differences between 
the northern Red Sea and Gulf of Aqaba (Lawrence et al, 2004; Ahmed, 2006), where 
again the number of sea cucumber species decrease from south to north, and even on 
the same habitat not all the species of sea cucumber in the red Sea exist in the Gulf of 
Aqaba. 
4.1.2- Molecular analysis of sea cucumber    
Molecular analysis studies on sea cucumber are rare with only few studies 
investigating phylogeny and speciation of such a large and diverse group of animals. 
However, these include phylogeny of eastern pacific sea cucumbers (Arndt, et al 
1996), genetic diversity and population structure of sea cucumber (Arndt, et al 1996), 
Mitochondrial DNA sequence evidence was used to support the recognition of a new 
North Atlantic Pseudostichopus species in addition to morphological and ecological 
characters (Kerr, et al 2005). 
Uthicke and Benzie (2003) studied the gene flow and population history in Holothuria 
nobilis populations from the Indo-Pacific using mitochondrial DNA analysis. They 
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found that in the Great Barrier Reef allozyme surveys indicated unrestricted gene flow 
among GBR populations of H.nobilis. 
4.1.3- Holothuria atra  
Holothuria atra is considered to be a cosmopolitan species widely distributed along 
the Indo-Pacific area. It was recorded from Islands of West Indian Ocean, Mascarene 
Islands, East Africa, Madagascar Island, South East Arabia, the Arabian Gulf West 
India and Pakistan, Maldives area, Ceylon area, Bay of Bengal, East Indies, North 
Australia, Philippine Islands, Indonesia, China and Japan , South Pacific Islands and 
Hawaiian Islands (Jaeger, 1833, Ahmed, 2006). 
The body is cylindrical, elongate, with rounded ends, tegument smooth, often covered 
by sand, but also showing round patches lacking sand. The maximum recorded length 
is 30cm, commonly 20cm; mean live weight about 300g (Conand, 1998). The mouth 
is ventral surrounded by 20 black tentacles, fairly long, leafy shape, with collar of 
papillae around the base of the tentacles. Podia consist of numerous pedicles crowded 
on the ventral surface. Colour uniformly black, gonads in a single tuft and consists of 
simple tubes with numerous branches. The anus is terminal and without anal papillae. 
Spicules consist of tables having 4 big central holes and 4 small peripheral holes. The 
disc of the tables sometimes irregular or expanded laterally as projection from the 
table's disc. Simple rosettes are present. Buttons are completely absent. In the Red 
Sea the species is considered to be one of the most common shallow water species in 
all habitats along the Red Sea coast of Egypt and Gulf of Aqaba. The species is very 
common in inner and outer reef flats and back reefs or shallow coastal lagoons; 
abundant on all type of habitat (coral reef, seagrasses, sand). 
The main aim of this chapter was to study the different populations of Holothuria atra 
along the Red Sea coast of Egypt and Gulf of Aqaba using the analysis of the 
mitochondrial COI gene. In order to explain the wide range of habitat the species 
inhabit and to investigate the presence or absence of sibling species complex within 
different H.atra populations.  
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4.2- Materials and methods 
4.2.1- Sample collection 
A total of forty individuals of Holothuria atra were collected from 4 different sites 
along the Egyptian coast of the Red Sea and Gulf of Aqaba (Figure-35). Sites were 
selected to cover different habitats including sand, seagrass and coral reef. Samples 
were collected by SCUBA diving from deep water (35m maximum depth) and by 
snorkelling and hand collection from shallow reef flat areas. Samples for spicule 
preparation and identification using morphological characteristics were collected and 
the whole animal was preserved. Samples for DNA preparations had small parts of the 
tentacles cut off before releasing the animals.  
4.2.2- Preservation for DNA extractions  
Tissues of sea cucumber were immediately frozen in liquid nitrogen in the field and 
later transferred to a -80 ºC freezer. 
4.2.3- DNA Extraction, PCR amplification and sequencing 
DNA was extracted from one tissue sample per specimen using Qiagen DNA easy 
Tissue Kit #69504 (Qiagen, Inc., London, UK) following the manufacturer‘s protocol. 
A region of the mitochondrial cytochrome oxidase I (COI) (650bp) gene was 
amplified using primers described in (Table-4.1). PCR amplification and sequencing 
was carried out as described in Chapter 3.  
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Figure 35:  Sampling sites along the Red Sea coast of Egypt and Gulf of Aqaba. In the southern 
part represented by Hurghada 1- represent a coral dominant habitat site and 2- represent a 
sandy dominant habitat site. While in the northern part of the Gulf of Aqaba represented by 
Nuwiba 3- represent a coral dominant habitat site and 4- represent a seagrass dominant habitat 
site 
 
 
 Table - 4.1. Oligonucleotide primers. Nucleotides in brackets denote alternatives.  
Primer Sequence 5 '   3' 
CO1-278F CTA ATG ATA GG(AT) GCC CC (CT) GAC ATG GC  
COI-790R CCT AGG TAC CC(AG) AA(AT) GG (CT) TCT TGC TT  
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4.3- Results  
Forty different individuals of Holothuria atra collected from different locations and 
habitats were sequenced for the COI gene. Samples were collected from the Red Sea 
coast of Egypt and Gulf of Aqaba and from three different habitat types including; 
coral reef; sandy habitat and seagrass beds. Sequences of H.atra species were also 
obtained from Genbank for animals collected from the Great Barrier Reef in 
Australia, more samples were collected from museum collection of the (BMNH) 
British Museum of Natural History including H.atra from Sri Lanka and Indonesia. 
More samples collected from the museum, however, were unsuccessful to produce a 
good DNA yield. Examples of the DNA yield extracted from H.atra are shown in 
Figure-36. The figure shows different concentration of DNA obtained from H.atra 
with the very bright band indicates very high yield of good quality DNA, while the 
faded bands indicates low yields and fragmented DNA content. All DNA extracted 
from all the samples collected were then amplified using primers in table 4.1. Out of 
forty H.atra individuals collected for the study DNA was extracted of all of them. 
However, only thirty eight gave good PCR products that were clear enough to be 
sequenced; PCR products are shown in (Figure-37). 
The mtDNA sequence data revealed four major lineages (Figure-38, 39 and 40). The 
maximum likelihood trees in figure 38 and 39 figure 40 showed clear divergence 
between samples collected from the Egyptian coast of the Red Sea and Gulf of Aqaba 
and samples collected from Australia, Sri Lanka and Indonesia. The figures also 
showed clear divergence between the samples collected from the Red Sea and 
samples collected from the Gulf of Aqaba. Moreover, clear divergence between 
samples of H.atra collected from each habitat at each site, samples collected from the 
coral reef for example were divergent from those collected from seagrass habitat or 
sandy habitat.  
 
 
 
  
 115 
 
 
Figure 36:  DNA extracts from 18 different H.atra samples collected from the Red Sea and Gulf 
of Aqaba visualized on a agarose gel and stained with ethidium bromide, showing different DNA 
yield quality from different specimens.  
 
 
Figure 37:  PCR final products visualised on  agarose gel stained with ethidium bromide of total 
of 42 H.atra DNA extracts, one +ve and one-ve control, of which 38 successful PCR amplification 
were obtained with fragment size of 650bp.   
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Figure 38: Maximum likelihood Tree of COI sequences from 38 individuals of Holothuria atra 
collected from different habitat along the Red Sea coast and Gulf of Aqaba, two specimens from 
Australia (obtained from Genbank). Samples from Srilanka and Indonesia are collected from the 
BMNH. Holothuria edulis were used as an out group.  
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Figure 39: Maximum likelihood Tree of COI sequences from 38 individuals of Holothuria atra 
collected from different habitat along the Red Sea coast and Gulf of Aqaba, showing divergence 
between samples collected from the Red Sea and Gulf of Aqaba, and divergence between samples 
collected from different habitat. 
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Figure 40: maximum likelihood tree of H.atra samples collected from the Red Sea and Gulf of 
Aqaba, and samples collected from Australia, Sri Lanka and Indonesia displayed as circular 
diagrams. H.edulis was used as outgroup 
 
 
 
 
 
 
 
 
 
 
 
  
 119 
4.4- Discussion  
The main problem in using morphological characteristics in species identification is 
the difficulty to measure the point at which the similarity/difference is taken to 
indicate distinct taxa (Baker and Bradley, 2006). A cryptic species complex is a group 
of species that are reproductively isolated from each other, but they are not 
morphologically distinguishable (O‘Loughlin et al., 2002, 2003). The use of 
molecular analysis on a wide range of marine species shows that marine cryptic 
species are very common (e.g. Knowlton, 1993; Gòmez, et al 2007; Triantafillos & 
Adams, 2005; Casu & Curini- Galletti, 2006). The failure to recognize sibling species 
may result in underestimate species diversity, richness and environmental range. 
Therefore, it is a very important to recognize cryptic species, in order to describe true 
biodiversity. 
  
H. atra is a common reef species in the Red Sea and Gulf of Aqaba. It has a wide 
range of habitat preferences including coral reef, seagrass beds and sandy habitats 
(Ahmed, 2006). The species also has a wide range of depth preferences ranging from 
0 to 25m deep (Lawrence, et al 2004; Ahmed, 2006).  
 
In this study we have investigated the genetic structure of the H. atra populations 
along the Red Sea coast of Egypt and Gulf of Aqaba collected from different habitat. 
No morphological or anatomical differences were found between the populations in 
the study. However, all the individuals collected from sandy habitat were usually 
larger in size compared to individuals collected from coral and seagrass habitats 
(Ahmed, 2006; Uthicke, 1998). All the samples collected from different sectors and 
different habitats also share the same spicules composition, all the spicules of the 
dorsal and ventral body surface in all samples were identical. Comparing the 
morphological characteristics of the specimens collected from the Red Sea and the 
one in the BMNH collected from Australia, Indonesia and Sri Lanka showed no 
significant differences between all the examined specimens, the body shape, 
coloration, and spicules content all were identical.        
The genetic examination of the mtDNA CO1gene, however, showed a different story. 
There was a clear divergence between the samples collected from the Egyptian coast 
of the Red Sea and all the samples collected from Australia, Indonesia and Sri Lanka. 
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A clear divergence was also found between the samples collected from the Red Sea 
and the Gulf of Aqaba (Figure 38 and 39). Moreover, within the same sector, a clear 
divergence was also found between samples collected from different habitat types. 
Smaller divergences were found between the samples collected from the coral and 
samples collected from seagrass in the Gulf of Aqaba sector, and the coral samples 
and the samples collected from sandy habitat.  
The results indicate a limited gene flow between the Red Sea and the Gulf of Aqaba, 
and that those populations are recently diverged and are reproductively isolated from 
each other. Few factors may limit the gene flow in marine animals including physical 
and biological factors. Physical factors includes; temperature barriers; salinity; water 
currents; nearshore circulation pattern; food availability and habitat un-availability 
(Bucklin, 2000; Behrens Yamada, 1977; Newman & McConnaughey, 1987; 
Richmond, 1990; Palumbi, 1994; Levin, et al  1984; McShane, Black & Smith, 1988; 
Rocha-Olivares & Vetter, 1999; Hoare et al., 2001). On the other hand, the biological 
factors include pre or post mating isolation. Species therefore will be separating by 
isolating mechanisms that will not allow them to interbreed.   
Coyne & Orr, (2004) have produced evidence of a strong correlation between genetic 
divergence and reproductive isolation between species (Gleason & Ritchie, 1998). 
Therefore, a sufficient genetic distance will indicates reproductive isolation between 
species. Speciation events can then be detected as a consequence of the long time 
periods required for sufficient genetic divergence between two or more lineages. In 
our study even the divergence between H.atra populations in the Red Sea and Gulf of 
Aqaba was small compared to the genetic distance between H.atra and any other 
Holothuria species Figure -39. The fact that it exists may indicate that the species are 
recently diverged and that we are actually dealing with an emerging sibling species 
complex rather than a single species with a cosmopolitan distribution and a wide 
range of habitat and depth preferences. However, in order to fully understand the 
story of H.atra populations along the Red Sea coast of Egypt we will need to look on 
more details on the reproductive strategies of the species.   
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4.4.1- H. atra Reproductive strategy  
H.atra reproduces both sexually by releasing eggs and sperms in the water column 
where external fertilization occurs, and asexually by binary fission (Uthicke, 2001). In 
the case of sexual reproduction, both eggs and sperms are released in the water 
column where external fertilization occurs, the chemical recognition systems in the 
sea controls both the egg-sperm recognition (Frost, and Fleminger 1968; Knowlton, 
1986; Stanhope, et al. 1992; Weinberg, et al. 2003; Palumbi, 1992) and the settlement 
preferences in larvae (Morse, et al. 1988). The fertilized egg then remains in the water 
column for a larvae period of 3-4 weeks (Chao, 1993; Chao, et al 1993; Conand and 
De Ridder, 1990), and then it settles on the preferred habitat.  
H.atra is considered as a cosmopolitan species with no habitat or depth preferences, 
which means that the larvae will have no mate or settlement preferences and thus 
whatever the surface it will settle on it will grow. However, our study showed that 
H.atra larvae have mate choice preferences and settlement preferences, the eggs and 
sperms of for examples of H.atra inhabiting coral in the Gulf of Aqaba will only 
fertilize eggs and sperms from only H.atra inhabiting coral in the Gulf of Aqaba; not 
even with H.atra inhabiting coral in the Red Sea, and the larvae will then prefer coral 
as a settlement habitat. It was clear from the result shown in (Figure-39 and 40) that 
H.atra individuals inhabiting different habitat are genetically isolated. The 
recognition method itself of how the sperms and eggs recognize each other requires 
further investigation. Asexual reproduction by binary fission is also common on 
Holothuria atra (Chao et al. 1993; Conand et al. 1997; Purwati 2004). It was reported 
by Uthinke (1998) that more than 80% of the H.atra population in the Great Barrier 
Reef reproduce asexually rather than sexually and that it is only large individuals that 
reproduce sexually (Uthike, 1998). 
From all the above information few scenarios/theories might be able to explain the 
shallow divergence of the H.atra population along the Red Sea and Gulf of Aqaba 
coasts. The shallow divergence as described earlier indicates recent divergence so the 
following theory might be able to explain the reason behind the divergence from the 
indo-pacific ancestor.    
   
At the time of the formation of the Red Sea, H.atra larvae floated into the area from 
the Indo-Pacific settled in the new sandy habitats of the Red Sea (Coral and seagrass 
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habitat takes longer time to form, thus the only habitat that was available was sandy 
habitat). The development of the Bab-el-Mandab stratus creates a physical barrier and 
limits the water exchange between the Red Sea and the Indian Ocean. That then 
restricts the gene flow between the Red Sea and Indo-pacific, the restriction of the 
gene flow led to reproductive isolation and Allopatric speciation process occurred by 
which the species in the Red Sea becomes genetically isolated from the same in the 
Indian Ocean, supported by the result in figure -38 where high support value of 100% 
and high divergence occurs between H.atra collected from Australia and H.atra from 
the Red Sea. The same theory might then explain the divergence between H.atra 
population in the Red Sea and Gulf of Aqaba. Allopatric divergence with the straits of 
Tiran as the physical barrier. According to Knowlton (1992), parapatric taxa are those 
with largely non-overlapping distribution along a continuous coastline, with the 
geographic scale of parapatry may be very fine in species with limited dispersal 
potential (Wilson, 1988). Parapatric speciation may then explain the divergence 
between populations in different habitats along the same sector. As the species settled 
down on the sandy habitat of the Red Sea, the development of new habitats including 
coral reefs and seagrass provides more options for food and shelter. Thus the floating 
larvae on the Red Sea had more settlement options. Some of them chose to settle on 
corals and other on seagrass and with time it became the preferred habitat and 
isolation started to occur. The time scale we are talking about here maybe very short 
in term of speciation processes. However, the data presented may support this theory.  
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Figure 41: shows the different pattern of speciation processes 
 
This shallow and recent divergence indicated by our result has an important 
conservation and taxonomic value. The possibility that we are dealing with more than 
one species, each have its own habitat preferences hugely affect the monitoring and 
conservation plans for the species. For what was once considered as one, now has to 
be considered as four sibling species so, in order to conserve the genetic biodiversity 
of the species, all the habitat should be taken in consideration. On the other hand this 
shallow divergence might be of importantance to the taxonomy of Seacucumber as by 
time this divergence may increase and they become separate recognizes species that 
might have different commercial value as food or medicine for human use, and great 
impact on the overall biodiversity of certain localities.   
In order to fully understand the speciation process in H.atra populations and the 
cryptic species complex, further research is required including studies on the 
reproductive biology and behaviour of the species, larval dispersal studies 
investigating the factors controlling larval mate choice and settlement preferences. A 
global sampling of (the cosmopolitan species) is urgently required to investigate how 
many species in this cryptic species complex and weather the same pattern of habitat 
  
 124 
speciality recorded in the Red Sea is found elsewhere. Also research is required on 
other Seacucumber species that are considered to be cosmopolitan. Molecular 
examination and detailed microsatalite investigation is required to assist the study of 
speciation in H.atra and other Holothurians.    
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Actinopyga sp.nov photographed by M.I.Ahmed from Red Sea.  
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Chapter 5- 
The Separation of a 
novel species from from 
Actimopyga mauritiana 
(Holothuroidea: 
Holothuriidae) species 
complex, based on 
ecological, 
morphological and 
mitochondrial DNA 
evidence. 
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5.1- Introduction  
5.1.1- Systematic of the genus Actinopyga (Bronn, 1860) 
Currently Actinopyga (Bronn, 1860) is one of the five genera in the family 
Holothuriidae, (see Table 2.1) (Rowe 1969; Rowe & Gates 1995; Massin et al. 2004; 
Kerr et al 2005; Samyn et al. 2005). Within the genus there are sixteen species 
generally recognized as valid. Actinopyga agassizii (Selenka, 1867); A. albonigra 
(Cherbonnier & Féral, 1984); A. bacilla (Cherbonnier, 1988); A. bannwarthi 
(Panning, 1944); A. caroliniana (Tan Tiu, 1981); A. crassa (Panning, 1944); A. 
echinites (Jaeger, 1833); A. flammea (Cherbonnier, 1979); A. fusca (Cherbonnier, 
1980); A. lecanora (Jaeger, 1833); A. miliaris (Quoy & Gaimard, 1833); A. obesa 
(Selenka, 1867); A. palauensis (Panning, 1944); A. serratidens (Pearson, 1903); A. 
spinea (Cherbonnier, 1980) and A. mauritiana (Quoy & Gaimard, 1833). 
In his revision of the taxon, Panning, (1944) recognized five species belonging to 
three main groups. He did not assign A. mauritiana to any of his groups. A schematic 
overview of Panning‘s system is given in (table-5.1). His first group (‗Act. lecanora‘) 
includes sub-species characterized by having simple, smooth rosettes which only 
occasionally have lateral extensions and have their ends swollen (especially in the 
ventral body wall).  
His second group (‗Act. echinites‘) brings together two species, A. echinites and A. 
serratidens, each with three subspecies. This group is characterized by a narrowing 
and elongation of the rosettes of the ventral body wall. In recognizing the distinction 
between A. echinites and A. serratidens, Panning (1944) drew mainly on the form of 
the rosettes of the dorsal body wall, which, according to him, largely lack median 
projections in serratidens.  
Panning‘s last group is the so-called ‗obesa-Gruppe‘ in which he included two 
subspecies of A. obesa (table-5.1). This group is characterized by the presence of 
rough, often branched rods. Lastly, Panning (1944) briefly mentioned the difficulty he 
had in placing the ubiquitous species A. mauritiana. He opted for the safest solution 
and kept it as a separate species in the genus. He remarked that some ossicles of the 
ventral body wall (grains) resemble those found in the genus Bohadschia Jaeger, 
1833, and that the ossicle assemblage of the dorsal body wall is reminiscent of the 
obesa-group. 
 
  
 128 
Table-5.1. Species and groups as recognized by Panning (1944) 
 
Group 1 — ‘Act. lecanora’  
 A. lecanora lecanora 
 A. lecanora miliaris 
Group 2 — ‘Act. echinites’  
 A. echinites echinites 
 A. echinites plebeja 
 A. echinites crassa 
 A. serratidens agassizii 
 A. serratidens serratidens 
 A. serratidens bannwarthi 
Group 3 – ‘Act. obesa’  
 A. obesa obese 
 A. obesa palauensis 
Not assigned to any group  
 Actinopyga mauritiana 
5.1.2- Actinopyga mauritiana 
Actinopyga mauritiana is widespread species in the Indo-Pacific and the Red Sea 
(Yamanouchi 1939; Bakus 1968, 1973; Zoutendyk 1989; Conand 1993; Hopper et al. 
1998). These holothurians graze on epifaunal algal films that consist mainly of plant 
debris and on the brown and blue-green algae (Conand 1990; Ramofafia et al. 1997). 
Worldwide, Actinopyga mauritiana is valued as a 3rd class commercial species it has a 
high demand and is harvested in large numbers all over the world (Conand 1990).  
The species is characterized by a very thick and muscular body, cylindrical in shape, 
elongate, arched dorsally and flattened ventrally. Dorsal surface sometimes wrinkled, 
wider in the middle and tapering towards both ends. The anus is armed with five 
distinct white calcified anal teeth. Colour very variable: dorsal side greenish to 
chocolate brown with numerous light brown conical papillae, ventral body wall is 
usually light grey to white. Mouth ventral, surrounded by 25 dark brown, stout, 
peltate tentacles (Conand 1990; Ramofafia et al. 1997).  
With the colour of the species being very variables, five different morphotypes were 
available in the collection of the (BMNH) British Museum of Natural History 
Museum (Ahmed, 2006) (table-5.2). In Egypt, two of those morphotypes of A. 
mauritiana, were found. It is generally considered a high value beche-de-mer species 
due to over fishing of the 1st class commercial species (Ahmed, 2006). The species 
  
 129 
complex has a wide range of depth and habitat preferences; from the reef flat to 30 m 
deep, However, the majority of the individuals were found in between 5-10 m deep 
(Ahmed, 2006). The species complex almost inhabits all different types of habitat 
along the Red Sea coast of Egypt including coral reef, seagrass beds and sandy habitat 
(Ahmed,2006).
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Table-5.2: comparison between different morphs of A.mauritiana collected from the Red Sea and BMNH and those described in literature.  
Features A.mauritiana  
Literature  
A.mauritiana 
(Samyn,2003) 
Morph-1 Red 
Sea 
Morph-2  
Red Sea 
Morph-3  
BMNH 
Morph-4  
BMNH 
Type- specimen 
BMNH 
Habitat preferences Coral 1  Coral reef 
lagoon, hard 
coral rubble 
and seagrass 
beds 
Coral Seagrass  
and sand  
NA NA NA 
Depth preferences 0-12m 2 1-7 m 0-5m 5-30m  NA NA NA 
Body size 170 X100 mm1 350X100mm 300X100mm 450X100mm 160X100mm 220X100mm 250X100mm 
Dorsal body wall 
colouration 
Chocolate 
brown with 
white spots1  
Greenish to 
Chocolate 
brown  
Greenish 
from top and 
white from 
the two sides 
Dark brown  Dark grey  Chocolate 
brown with 
white spots  
Dark brown  
Ventral body wall 
colouration  
Light brown1  White-grey to 
light brown 
Light grey White to pink  Light grey  Light brown  White  
No. of tentacles 22-252 25 25 25 25 25 25 
Anal teeth  Five-Yellow 1 Five-white  Five-yellow Five-White    White 
Spicules of dorsal body 
wall 
Rosettes and 
spiny rods 1 
Spiny rods and 
simple very 
small rosettes  
Spiny rods 
and small 
rosettes  
complex 
rosettes and 
grains 
Spiny rods and 
simple very 
small rosettes 
complex 
rosettes and 
grains 
complex rosettes 
and grains 
Spicules of ventral body 
wall 
Rods shorter 
and more 
massive and 
rosettes 
replaced by 
round or oval 
smooth bodies2 
Small and 
elongated 
grains and rods 
that can be 
spiny or 
smooth 
small and 
elongated 
grains and 
smooth rods 
small and 
elongated 
grains and 
spiny or 
smooth rods 
small and 
elongated 
grains and 
spiny or 
smooth rods 
small and 
elongated 
grains and 
spiny or 
smooth rods 
small and 
elongated 
grains and spiny 
or smooth rods 
Cuvierian organ NA Small pinkish 
tuft 
Small white 
tuft 
Small pinkish 
tuft 
NA NA NA 
* 1 (Massin, 1996),2 (Lane, et al 2000)
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Actinopyga mauritiana (Quay & Gaimard 1833) morph-1 
Description: 
The body is very thick and muscular, cylindrical in shape, elongate, arched dorsally 
and flattened ventrally. Dorsal surface sometimes wrinkled, wider in the middle and 
tapering towards both ends. The anus is armed with five distinct calcified teeth. Body 
size is moderate to large. Maximum recorded length is 40 cm. However,  commonly 
22 cm, mean weight about 600gm, but it can reach more than 1.5 kg in big samples, 
thickness of the body wall is 2mm. Colour very variable: dorsal side greenish to 
chocolate brown with numerous light brown conical papillae, ventral body wall is 
usually light grey to white sometimes pink in colour. Mouth is ventral surrounded by 
25 short, leafy shaped and stout tentacles. Podia arranged in 8 to 12 rows at the 
ventral side, while no. of rows decreases in the dorsal side to 5 or 6 rows. Papillae are 
small and cylindrical. Pedicles are numerous and small in size. The gonad is long and 
form very fine tubes with numerous small branches (dichotomously branched), 
forming a single tuft. 
World distribution: The species is widely distributed, very common through the 
Indo-West- Pacific region. It was recorded from islands of West Indian Ocean, 
Mascarene Islands, East Africa, Madgascar Island, Maldives area, Sri Lanka area, Bay 
of Bengal, East Indies, North Australia, Philippine Island, China and south Japan, 
south Pacific Island and Hawaiian Islands (Quay and Gaimard, 1833). 
Local distribution and habitat: The species is widely distributed along the Red Sea 
coast and the Gulf of Aqaba. It was found in sub-tidal and intertidal areas. It is very 
abundant in sandy areas, sea grasses, and sandy lagoons and on corals. 
Actinopyga mauritiana morph-2 
 
Description  
 
Very large species; living specimens up to 40 cm long and 15 cm wide mid-body. 
Body loaf-shaped with slight ventral flattening (more or less cylindrical with some 
distal tapering). Colour in life dark brown dorsally and white to pink ventrally. Body 
wall smooth, up to 12 mm thick. Mouth ventral, surrounded by 20–22 large, peltate, 
  
 132 
uniformly brown tentacles, in turn surrounded by a stout collar of dark brown 
papillae. Anus terminal guarded by five yellowish, calcareous, teeth. Ventral tube feet 
stout, distributed evenly. Dorsal ―papillae‖ large, conical at base, near cylindrical at 
top; dark brown at base, slightly lighter at top; scattered over ambulacral and 
interambulacral areas. Cuvierian organ usually small whitish tuft. Gonad long with 
small branched thin tubes.  
 
Local distribution: The species is widely distributed along the Red Sea coast of 
Egypt and Gulf of Aqaba. The species inhabit both seagrass beds and coral reef. The 
depth range of the species varies from 5- 25 m deep.  
With five different morphs of the same species, all with different body coloration and 
habitat preferences, the possibility of finding a new species or a cryptic species 
complex is high. The discovery of a new species has always been a big achievement 
in science, not only the fact that it adds to our knowledge regarding the natural world 
we live in and its true biodiversity, but also it has great conservation importance. The 
conservation of both species and genetic diversity depends mainly on the correct 
species identification. The discovery of a new species will increase the importance, 
species richness and diversity on a certain habitat/localities. More importance is added 
when the discovered new species is one of a commercial value, the potential of a new 
food source or a new resource for medical compound is huge. It will also affect the 
conservation plans, as the new species habitat preferences should be taking in 
consideration while planning management project for biodiversity conservation.  
DNA barcoding as a tool for systematics  
DNA barcoding is the DNA sequence analysis of a uniform target gene to enable 
species identification (Hebert, et al. 2003). A short DNA sequence should contain 
enough information to distinguish between different species. The cytochrome c 
oxidase subunit I (CO1) gene has been used in most barcoding studies because of its 
robust primers (Folmer et al. 1994).  Results to date indicate that this CO1 barcode is 
easy to recover in diverse taxa, using a limited set of primers; readily aligned for 
sequence comparisons and effective in distinguishing among closely related species 
(Cox & Hebert 2001). The approach of identifying sea cucumber using a DNA 
barcoding techniques seems to overcome all the disadvantages of using morphological 
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keys; the life stage is not a problem and DNA can be obtained from larvae, juveniles 
and adults. The possibility of misidentification and morphologically cryptic species is 
overlooked by the fact that the approach is dealing with more stable and very 
characteristic features in the animals, that is mitochondrial DNA. Finally, in order to 
use such a technique no such a high level of expertise is needed.   
With all these morphological and ecological differences between the two morphs they 
are still considered is one single species. The main aim of this chapter is to investigate 
the A.mauritiana species complex in more details in order to investigate if it is formed 
of a single species of wide range of habitat/depth preferences or more than one 
species. We will use morphological; spicules; ecological and molecular examination 
in order to answer these questions. The molecular analysis will include the 
mitochondrial COI and the nuclear ITS genes.   
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5.2- Materials and methods 
5.2.1- Samples collection and spicule variation 
Samples of both morphs of A. mauritiana were collected from different sites along the 
Red Sea coast and Gulf of Aqaba (Figure- 42), Collection was done by SCUBA 
diving. Samples were collected, relaxed and preserved for both morphological and 
genetic examination.  
Ten individuals matching the description of the first morph A. mauritiana were 
collected from coral reef along the Red Sea coast of Egypt and Gulf of Aqaba, and 
fifteen individuals corresponding to the description of the second morph of A. 
mauritiana species complex were collected from open seagrass beds around Hurgada. 
Spicule samples were taken from the dorsal body wall (about 1 cm anterior to the 
anus), from the mid-ventral body wall, and from the tentacles of all specimens.  
Twelve different individuals were also examined from the collection of BMNH 
(British Museum of Natural History) (Table 5.4). Representing the type-specimen and 
four different morphtypes collected from different localities. All individuals were 
examined for morphology; body coloration and spicule characteristics.  
DNA Extraction; PCR amplification and sequencing 
DNA was extracted from one tissue sample per specimen using Qiagen DNA easy 
Tissue Kit #69504 (Qiagen, Inc., London, UK) following the manufacturer‘s protocol. 
A region of the mitochondrial cytochrome oxidase I (COI) gene was amplified using 
primers described in (Table-5.3). PCR amplification and sequencing were carried out 
as described in chapter-3. 
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Figure 42: Map of distribution of the two morphs of A.mauritiana along the Red Sea coast of 
Egypt and Gulf of Aqaba. White boxes indicates morph 1 collection sites while black boxes are 
for morph 2.  
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Table 5.3 – Oligonucleotide primers  
Primer Sequence 5 '------------------3' 
COIe-F ATA ATG ATA GGA GG (AG) TTT GG 
COIe-R GCT CGT GT (AG) TCT AC(AG) TCC AT  
ITS-3 CAC ACC GCC CGT CGC TAC TAC CGA TTG 
ITS-8 GTG CGT TCG AAG TGT CGA TGA TCA  
 
 
 
 
 
Table-5.4: Samples collected from BMNH including area of collection and year of 
collection 
 
No Species  Location  Year  
1 Actinopyga mauritiana Cook island 1971 
2 Actinopyga mauritiana Tahiti 1967 
3 Actinopyga mauritiana Rodriguez Island 1976 
4 Actinopyga mauritiana Red Sea 1933 
5 Actinopyga mauritiana Rotuma Island 1979 
6 Actinopyga mauritiana Mauritius  ? 
7 Actinopyga mauritiana Gana, New Hebrides 1928 
8 Actinopyga mauritiana Great Barrier Reef  1892 
9 Actinopyga mauritiana Kenya  1945 
10 Actinopyga mauritiana Christmas Island 1957 
11 Actinopyga mauritiana Aldabra Island ? 
12 Actinopyga mauritiana Seychelles 1981 
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5.3- Results  
Two different morphs of A. mauritiana were collected from the Red Sea coast of 
Egypt. Both morphs were examined for their morphology, ecology and molecular 
characteristics. 
5.3.1- Ecological differences 
Differences were found in both habitat and depth preferences between the two morphs 
of A.mauritiana recorded in the Red Sea. While the first morph prefers shallow coral 
reef habitat the second morph of A.mauritiana inhabits sandy lagoons and seagrass 
habitats. They also inhabit deeper water than the first morph. Habitat and depth 
preferences for both morphs are shown in (Figure. 43 and 44).   
 
 
Figure 43: Habitat preferences of the two morphs of A.mauritiana along the Red Sea coast of 
Egypt and Gulf of Aqaba. Data represented as number of animals per hectare    
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Figure 44: Depth preferences of the two morphs of A.mauritiana along the red Sea coast of Egypt 
and Gulf of Aqaba. Data represented as number of animals per hectare    
 
5.3.2- Morphological differences 
 
The two morphs of A.mauritiana along the Egyptian coast of the Red Sea have 
different color patterns. While the first morph dorsal side greenish to chocolate brown 
with numerous light brown conical papillae, ventral body wall is usually light grey to 
white sometimes pink in colour (Figure-45A). The second morph is dark brown 
dorsally and white to pink ventrally (Figure-45B)  
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Figure 45 : The two recorded morphs of Actinopyga mauritiana. A- A. mauritiana morph 1 and B- 
A.mauritiana morph2. Photographed from the Red Sea coast of Egypt and Gulf of Aqaba. 
(Photographed by M.I. Ahmed) scale bar 10cm. 
5.3.3- Spicule differences 
Both the morphs of A.mauritiana have the same types of spicules the differences 
between them only noticeable when looked in detail; the body wall spicules of the 
second morph are characterized by more complex rosettes of various forms, some 
elongated with endings swollen, others wider and more spiny than the first morph. 
Ventral body wall composed of small grains, elongated grains and spiny or smooth 
rods that are mostly smooth in the case of the first morph (Figure-46 and 47). 
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Figure 46: Actinopyga mauritiana  morph 1 A: rosettes and rods of dorsal body wall. B: grains 
and rods of ventral body wall. Scale bar A-B represents 100 µm.  
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Figure 47: Actinopyga mauritiana morph2 A: rosettes and spiny rods of dorsal body wall. B: grains 
and rods of ventral body wall. Scale bar A-B represents 100 µm. 
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5.3.4- DNA sequencing results  
DNA was extracted from 26 different individuals of A.mauritiana species complex 
collected from different locations and habitats along the Red Sea coast and Gulf of 
Aqaba. PCR products were obtained and then sequenced for the COI mitochondrial 
gene and ITS nuclear gene.  
The sequencing results for COI gene of the Actinopyga mauritiana species complex is 
shown in (Figure-48) shows a tree for the COI for Actinopyga species of the Red Sea 
A.mauritiana morphs and Actinopyga miliaris and A.obesa obtained from the 
genbank.   
 
 
 
 
Figure 48: Maximum likelihood tree for nine specimens from Actinopyga mauritiana morph1 and 
two of morph2 collected from the Egyptian Red Sea coast, and A.miliaris (AY700773) from 
Australia. Pearsonthuria geaeffei from the Red Sea was used as an outgroup.  
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Figure 49: Maximum likelihood tree for nine specimens from Actinopyga mauritiana morph1 and 
two of morph2 collected from the Egyptian Red Sea coast, and A.miliaris (AY700773) from 
Australia. Pearsonthuria geaeffei from the Red Sea was used as an outgroup. 
 
 
In order to confirm our data a nuclear gene (ITS) was also examined for the different 
A.mauritiana morphs from the Red Sea. (Figure-50) shows tree for the ITS sequences 
for the two morphs of A.mauritiana from the Red Sea a clear divergence is shown 
between the two morphs. H.atra was used as an outgroup in the figure. 
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Figure 50: Maximum likelihood tree for the analysis of the nuclear ITS gene from both 
A.mauritiana and H.atra. 
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5.4-Discussion  
 
The traditional use of morphological characters for species identification has several 
limitations; for example, the misidentification of taxa because of unclear 
morphological characters or being unable to identify the cutting point in 
simiilarity/differences between closely related species; the existence of cryptic taxa 
where the species will be reproductively isolated and morphologically similar 
(Knowlton, 1993). The DNA barcoding approach might currently represent the best 
solution for identifying species when their morphology is of limited use (Ahrens, et 
al. 2007). The techniques simply overcome all the above mentioned limitation 
(Hebert, et al 2003). 
 
Even when morphological identification of a species is possible, DNA barcoding can 
be faster and cheaper (Gaston, and O‘Neill, 2004). DNA barcoding also will 
overcome the problem of identifying animals when only small traces are available or 
the animal has been processed as food materials. It could also allow biodiversity 
assessment through the identification of taxa from the traces of DNA present in 
environmental samples such as soil or water. The cost for identifying a sample via 
barcoding has been estimated to range from $2.5 to $8 per sample, depending on 
laboratory facilities and consumable equipment (Hajibabaei, et al. 2005; Cameron, et 
al. 2006; Janzen, et al. 2005). The cost is not only much cheaper and more efficient 
than identifying animals using morphological characters but also anyone could do it 
as it does not require high level of expertise, therefore it could be used by 
environmental officers for routine checks at exporting ports or for quick biodiversity 
assessment of certain habitat.   
In the Red Sea two different morphs of A.mauritiana were found. Our ecological and 
behavioral examination showed that they differ from each other in term of habitat and 
depth preferences. While A.mauritiana morph 1 prefer shallow exposed coral sites, 
the second morph were usually found in deeper water > 7m on seagrass beds and 
sandy lagoons. That agrees with different description on the literature on 
A.mauritiana habitat and depth preferences, while Samyan (2003) described 
A.mauritiana from seagrass beds and coral lagoons. Massin, (1996) and Lain et al 
(2000) described the species as a coral reef only species and this where the common 
name (surf red) came from. Great disagreement in literature also found on depth 
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preferences. While some described the animal as a shallow water species (0-7m) 
(Samyn, 2003; Massin, 1993), others recorded the species from deeper water (Lain, et 
al 2000; Conand, 1993, 1996). 
 
The morphological examination of the two morphs collected from the Red Sea 
showed significant differences between them, with the first morph the dorsal body 
surface is usually greenish to red colour and the ventral body surface is usually grey, 
while on the second morph the dorsal body surface is dark brown and the ventral body 
surface white-light pink. The spicule examination of the two morphs showed that they 
both have rods and rosettes matching the spicules description of A.mauritiana in 
literature (Samyn, 2003; Massin, 1993; Lain, et al 2000; Conand, 1993, 1996) 
however, the spicules of the second morph are complex and more elongated. Spicules 
of Actinopyga species are very similar in form and hence appear fairly ineffective in 
resolving relationships within the A. mauritiana species-complex. However, when 
considered in greater detail, they can, to some extent, be used to separate species. 
 
The maximum likelihood analysis of the mitochondrial COI gene of the two morphs 
showed deep divergence between the two morphs. The genetic distance between 
A.mauritiana morph one and two equal the genetic distance between other well 
recognizesd holothurians species. Therefore, from the result it is clear that they are 
reproductively isolated and because of the deep divergence between them it is not a 
recent divergence it is a very old stable divergence between the two morphs. The 
maximum lilklihood analysis of the nuclear ITS gene showed also the same result that 
the two morphs are deeply diverged from each other with genetic distance that is 
equal to the distance between well recognizes Holothurian species.  
 
Combined together, all morphological, ecological and molecular differences between 
the two morphs of A.mauritiana confirm with no doubt that the two morphs are 
reproductively isolated from each other and should not be considered as two morphs 
of the same species but rather two different species. The application of molecular 
biology is a much needed approach in the study of the systematic of seacucumber in 
general. Morphological characters including colour and spicule examination have 
generally been more a source of confusion rather than tools for answering taxonomic 
questions.   
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The other main challenge we faced in this study was to give one of the two morphs a 
new name, as both morphs satisfy the original description in literature for 
A.mauritiana. Morph two matches the description of the type sepecimens in the 
Museum of Natural History while morph one matches the common name (surf red). 
Therefore, we agreed to rename morph one to Actinopyga sp.nov. The common name 
for Actinopyga mauritiana will have to be revised as A.mauritiana inhabits seagrass 
and sandy lagoons and prefer such habitat on coral habitats. Further research is 
needed using DNA techniques in order to resolve taxonomic and identification 
problems of the Actinopyga morphs. The use of the anal teeth should also be revised 
as a characteristic feature for the identification of the Actinopyga genus.    
 
Our study matches the same pattern that was found on Holothuria nobilis in the Great 
Barrier Reef in Australia (Uthicke, and Benzie, 2003), where the large genetic 
difference between H.nobilis in La Réunion and all other populations is greater than 
that between other echinoderm species (e.g. Lessios et al. 2001), and suggests that H. 
nobilis individuals in La Réunion may be a different species. This is consistent with 
the different colour patterns observed in the West Indian Region, but this colour 
pattern was included in Selenka‘s (1887) original description of H. nobilis (Uthicke, 
and Benzie, 2003). That might indicates the presence of hundred of hidden 
undiscovered species within the seacucumber as a group.     
 
These results have broader conservation and ecological implications. The fact that the 
Red Sea as a habitat might have many more hidden unidentified species, it means that 
the total biodiversity of the Red Sea is much underestimated. All the conservation 
projects on Seacucumber management and sustainable use should also take in 
consideration the fact that there are unidentified species and genetic diversity that 
needs further research to be discovered, when planning protected areas and closed 
fishing season. In the case of A.mauritiana for example; the government banned the 
fishing of Seacucumber on coral reef in order to protect both the reef and the 
Seacucumber species, however, by doing this they neglected another commercial 
species of Seacucumber that inhabits seagrass habitat, the species will be 
overexploited easily and maybe undergo extension without even been recognized. The 
loss of both genetic and species diversity will be great and even a bigger loss of the 
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value of the species, with Seacucumber being used as a source of natural bioactive 
products (Khattab,2007), and different species from different habitat produce different 
bioactive substances, the importance of species conservation is even higher. 
        
We recommend that color and spicules still be recorded and described for specimens 
from this species-complex, for we have shown here that, when considered in greater 
detail than what is usually required in sea cucumber taxonomy, they can indicate 
monophyletic groups. However, the use of DNA barcoding techniques proves to be 
faster, easier and more accurate in identifying the new species and resolving some of 
the long standing taxonomic questions.   
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Processed sea cucumber products ready for export 
  
 150 
Chapter-6: 
Developing of 
Techniques for 
extracting DNA from 
museum and cooked 
Holothurians 
specimens.  
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6.1-Introduction  
The harvesting of sea cucumber has developed throughout the Indo-Pacific and 
beyond for the preparation and sale of Beche-De-Mer (MacKnight, 1976; Conand and 
Tuwo, 1996; Lawrence, et al 2004). China is the main market with the trade passing 
through Hong Kong and Singapore (Conand and Byrne, 1993; Sommerville, 1993; 
Ahmed, 2006). Final destinations include countries with Chinese communities all 
over the world and the current high demand for Beche-De-Mer is likely to continue, 
and strengthen, due to the high economic growth in China.  
Unfortunately, the fishery has a history of over-exploitation and collapse (Richards 
et al., 1994; Ahmed, 2006). Recently there has been considerable concern over 
declines in stocks with the closure of the fishery in some areas due to a lack of 
animals (Conand, 1997; Battaglene and Bell, 1997). The fishery has collapsed 
throughout the Indo Pacific and the Red Sea with many species now commercially 
extinct (Sitwell, 1993; Jenkins and Mulliken, 1999, Ahmed, 2006). Over-harvesting 
can now be considered a worldwide phenomenon (Conand, 2000; Kinch, 2002).  
The Egyptian sea cucumber fishery started the mid-1990s. The catch and the total 
income derived from Beche-De-Mer fishing in the Red Sea are known to have 
increased greatly between 1998 and 2000. In April 2000, the Red Sea Governorate 
banned the fishing of sea cucumber in the Red Sea. However, the ban resulted in the 
development of a large illegal fishery in Egypt (Lawrence, et al 2004). This illegal 
fishery continued unabated both as a result of the low level of patrolling, and the 
difficulty of identifying the animals after processing (Ahmed, 2006). The ban 
included all the ports in Egypt. However, sea cucumber products used to be exported 
from Egypt as dried fish. The value of a dried ton of Seacucumber product is 
estimated $1bilion dollar (Ahmed, 2006).    
Until a few years ago, biological studies involving extinct populations; cooked food 
materials and specimens not freshly sampled had to rely on analysis of the phenotype, 
both at the morphological and molecular level. As no direct analysis of the genotype 
was possible in these samples (Francalacci, 1995), The paper of Higuchi et al., (1984) 
on the extraction and isolation of a mitochondrial gene from the quagga, a zebra-like 
equid that disappeared at the beginning of this century, had a great impact on the 
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scientific community; it represented the first case in which the evolutionary 
relationship among an extinct species and its close relatives were reconstructed at the 
genetic level. The term "ancient DNA" (aDNA) then became familiar to scientists 
(Francalacci, 1995). 
The development of the polymerase chain reaction (PCR) has a huge impact on the 
study of aDNA. PCR allowed specific amplification of DNA sequence from tiny 
amounts of starting material. This allowed amplification from older specimens that 
had heavily degraded DNA. PCR also removed the problem of contamination by 
DNA from fungi or bacteria growing on the specimen, because PCR is very specific 
to the targeted sequence (Saiki, et al 1985). The aDNA fragments are not only small 
in size, but might be also covered or coated with inhibitors coming from bad 
preservation. It is necessary to get rid of this inhibition to avoid false positive results 
of the PCR amplification. More studies then followed extracting aDNA from different 
materials, fossils (Desalle et al., 1992), amber (Cano et al., 1993), dried leaves (Cano 
and Poinar, 1993), molluscs (Chase et al., 1998) and fish scales (Yue and Orban, 
2001) have been published. 
In order to assign an unknown DNA sequence to a species: first of all a reference 
DNA sequence of the same species is needed and secondly a genetic study to 
determine the intraspecific DNA sequence variation of the species (Moon-van der 
Staay et al. 2001; Dawson & Pace 2002). 
The main aim of this chapter is to develop a standard technique for DNA extraction; 
PCR amplification and then species identification of sea cucumber species from badly 
preserved and processed food products with old or degraded DNA. The main 
implication for this is to help conservation officers in ports to identify the exported 
dried or cooked materials of sea cucumber species under threat. Not only sea 
cucumber material, the same technique with little modification could be used for all 
the endangered animals.     
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6.2-Materials and methods 
6.2.1-Samples collection  
A total of 34 samples were collected for old and degraded DNA examination. All the 
samples were collected from the collection of the BMNH (British Museum of Natural 
History). All the samples were preserved in 100% ethanol. However, some of them 
had been preserved in formalin then transferred to ethanol (see table-2 for location 
and specimens age). 
Small tissue of (<25um) from the tentacles area were taken from all the animals, then 
washed with distilled water and preserved immediately after in absolute ethanol for 
DNA extraction.  
6.2.2- Cooked materials 
It was hard to obtain cooked sea cucumber materials from both the UK (because of 
trade regulations) and from Egypt (because the fishing is illegal and it is hard to find 
processed sea cucumber). A cooking experiment was therefore done in order to 
examine the DNA from cooked sea cucumber materials.  Four commercial sea 
cucumber species collected from the Red Sea, H.scabra; H.fuscogilva; H.nobilis and 
A.mauritiana, that had been preserved in formalin for three days then transferred to 
OPRESOL solution, were used for cooking experiments. They were the only samples 
available to perform the experiment, as it was hard to obtain fresh commercial species 
from the Red Sea. Following the cooking procedure described by (Ahmed, 2006) for 
processing sea cucumber along the Red Sea of Egypt. All the samples were carefully 
washed with distilled water, then samples were gutted and all the internal organs were 
removed. Animals then were placed in boiling water for 3-4 hours then placed in 
280ºC oven over night to dry. The dried materials were then used for DNA extraction 
and PCR amplification.       
6.2.3- DNA Extraction; PCR amplification and sequencing 
DNA extraction and amplification was carried out as described in chapter-2.  
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6.2.4- Contamination control.  
Controlling for contamination is essential when attempting to amplify degraded DNA 
with universal primers. Including controls at every step up to the PCR reaction is very 
important. For the DNA extraction, we implemented the QIAGEN DNeasy Kit for all 
the specimens. Reagents from the DNeasy Kit were packaged individually. All 
procedures used DNA-free tubes and pipette tips and were performed in a UV-
sterilized laminar flow hood that was swabbed with 10% bleach periodically. Several 
studies working with ancient DNA suggest the use of separate rooms or facilities to 
extract and subsequently amplify highly degraded DNA (Kohn & Wayne 1997; 
Woodruff 2004). All the extraction and PCR preparation and amplification were done 
at the Ancient DNA lab facility. The controls regularly yielded a negative result and 
we therefore conclude that our procedures are sufficient to control for contamination. 
The oligonucleotide primers were designed to amplify between 4-6 regions and 
between 122 to 514 bp of sea cucumber DNA. The DNA fragments where then 
compared to the original sequence of each species and aligned together to fill the gabs 
with the sequence.   
 
Table 6.1 – Oligonucleotide primers used for PCR amplification of degraded sea 
cucumber DNA  
Primer Sequence 5 '------------------3' 
CO1-278F CTA ATG ATA GG(AT) GCC CC (CT) GAC ATG GC  
COI-790R CCT AGG TAC CC(AG) AA(AT) GG (CT) TCT TGC TT  
COI-345F AGA AAG AGG (AGCT)GT TGG AAC AGG ATG  
COI-400R TCT TTT TAT CGA GTA CG(AGCT) CCT CCT 
COI-507F AAA AAT GCG AAC (AGCT)CC AGG AAT (AGCT)AC 
COI-568R TAT TG(AGCT) CGT AAG GA(AGCT) GAT AAT GAT 
COI-616F ATA ACT ATG CTA CTA ACC GAC CGA 
COI-679R CTG GG(AGCT) TAA AAT AAG GTT GTG GAT 
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Figure 51: Placement of oligonucleotide primers and fragment sizes.278F; 345F; 507F and 616F 
refer to the insertion point of the forward primers, while 400R; 568R; 679R and 792R refer to 
the insertion point of the reverse primers. The numbers 122; 223; 172 and 176 refers to the 
fragment sizes obtained by using pair primers.        
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6.3- Results 
6.3.1- DNA amplification results  
Samples collected from BMNH including area and year of collection are shown in 
table 6.2. DNA was successfully extracted from only three different individuals of sea 
cucumber from different localities; Actinopyga mauritiana (Seychelles, 1981); 
Holothuria atra (Indonesia, 1982) and Holothuria atra (Sri Lanka, 1982) (Figure-52). 
For the rest of the samples the DNA yield was either very small or completely 
degraded. All the DNA extracts were then used for PCR amplification including the 
extract with visible and non-visible DNA.  From these extractions three PCR products 
were obtained from the three mentioned species, which were then sequenced for the 
COI gene (Table-6.3).  
Different primers combinations were used to obtain good fragment size of the 
degraded sea cucumber DNA (Figure-51 and table6.3). Only three combinations gave 
good results with the museum specimens. 278F and 792R with a fragment size of 
514bp amplified only the DNA of Holothuria atra from Indonesia; 507F and 679R 
with fragment size of 172bp amplified the DNA of the three species. 616F and 792R 
with fragment size of 176bp amplified the DNA from the three species.  
In the case of the cooked sea cucumber materials, DNA was successfully extracted 
from three out of four species with a visible band. These were Holothuria scabra; 
Holothuria fuscogilva and Holothuria nobilis, while no DNA was extracted from the 
Actinopyga mauritiana dried product (Figure-53).  
The sequencing results for COI gene of the three sea cucumber specimens with 
comparing them to the same species collected from the Red Sea are shown in figure-
55, while figure -56 shows the dried samples compared to the fresh samples collected 
from the Red Sea.    
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Table-6.2: Samples collected from NHML including area of collection and year of 
collection. 
No Species  Location  Year  Visible DNA 
extract. 
1 Actinopyga mauritiana Cook island 1971 - 
2 Actinopyga mauritiana Tahiti 1967 - 
3 Actinopyga mauritiana Rodriguez Island 1976 - 
4 Actinopyga mauritiana Red Sea 1933 - 
5 Actinopyga mauritiana Rotuma Island 1979 - 
6 Actinopyga mauritiana Mauritius  ?* - 
7 Actinopyga mauritiana Gana, New Hebrides 1928 - 
8 Actinopyga mauritiana Great Barrier Reef  1892 - 
9 Actinopyga mauritiana Kenya  1945 - 
10 Actinopyga mauritiana Christmas Island 1957 - 
11 Actinopyga mauritiana Aldabra Island ? - 
12 Actinopyga mauritiana Seychelles 1981 + 
13 Bohadschia cousteaui Hurgada, Egypt 1935 - 
14 Pearsonthuia graeffei Indonesia  1982 - 
15 Bohascia marmorata Red Sea 1974 - 
16 Bohadschia tenussima Hurgada 1935 - 
17 Stichopus horrens Samoa 1974 - 
18 Stichopus horrens Samoa 1932 - 
19 Synapta maculata Aldabra Island ? - 
20 Synapta maculata Philippines 1886 - 
21 Holothuria scabra Maldives 1955 - 
22 Holothuria scabra Kenya 1979 - 
23 Holothuria spinifera Hurgada, Egypt 1935 - 
24 Holothuria leucospilota Singapore 1938 - 
25 Holothuria edulis Oman 1982 - 
26 H.leucospilota Samoa 1875 - 
27 H.hilla Aden  1967 - 
28 Holothuria nobilis Aldabra Island 1972 - 
29 Holothuria fuscogilva ? ? - 
30 Holothuria atra Samoa ? - 
31 Holothuria atra Indonesia 1982 + 
32 Holothuria atra Gilbert and Ellice 
Island  
1968  
33 Holothuria edulis Aqaba  1949 - 
34 Holothuria atra Srilanka  1982 + 
* (?) In the table refers to missing data 
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Table-6.3: different primer combinations used to amplify degraded sea cucumber 
DNA and successful PCR products.  
Primers 
combinations  
278F&792R 278F&400R 345F&568R 507F&679R 616F&792R 
Fragment size 514 pb 122 pb 223 pb  172 pb 176 pb  
H.atra 
(Indonesia) 
+ - - + + 
H.tra (Sri Lanka) - - - + + 
A.mauritiana 
(Seychelles) 
- - - + + 
H.nobilis (Egypt) - - - + + 
H.fuscogilva 
(Egypt) 
- - - + + 
H.scabra (Egypt) - - - + + 
A.mauritiana 
(Egypt) 
- - - + + 
+ve (H.atra 
Egypt fresh) 
+ + + + + 
(+) successful amplification (-) not successful   
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Figure 52: Agarose gel electrophoresis of DNA extraction of museum samples showing varying 
amounts of fresh DNA input, A: H.atra (Sri Lanka); B: H.atra (Indonesia), C:  A.mauritiana 
(Seychelles). 
 
 
 
 
 
 
 
 
 
Figure 53: Agarose gel electrophoresis of DNA extractions from cooked seacucumber materials 
showing varying amounts of fresh DNA input, D: H.nobilis; E: H.fuscogilva and F: H.scabra 
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Figure 54: Agarose gel electrophoresis of PCR amplification products showing successful PCR 
amplification bands of; A: H.atra (Sri Lanka); B: H.atra (Indonesia) 172 bp and 514 bp, C:  
A.mauritiana (Seychelles), D: H.nobilis; E: H.fuscogilva and F: H.scabra.  
 
 
Figure 55: Maximum likelihood tree of COI sequences from Holothuria atra BMNH (Indonesia 
and Srilanka); Actinopyga mauritiana BMNH (Sechelles) and the same species freshly collected 
from the Red Sea coast of Egypt. Pseuechinus sp. is a sea urchin species obtained from genbank 
and used as an out group.  
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Figure 56: Maximum likelihood tree of COI sequences from cooked sea cucumber species 
collected from the Red Sea Holothuria scabra, Holothuria fuscogilva and Holothuria nobilis, and 
the same species freshly samples from the Red Sea. Pseuechinus sp. is a sea urchin species 
obtained from genbank and used as an out group.  
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6.4- Discussion 
Museum specimens have been used for taxonomic studies mainly by using 
morphometric measurements. However, recently the use of a molecular approach 
targeting the mitochondrial genes has become popular for most geneticists and 
taxonomists working on systematics and phylogenetic research (Paabo, 1989).  
Hundreds of unidentified sea cucumber materials lie in the natural history museums 
all over the world (Ahmed, 2006). The time-consuming identification process and 
high level of expertise that is needed to correctly identifying those using 
morphological characters are factors that make sure they stay as unidentified 
specimens. The difficulty of global sampling of sea cucumber species because of 
political and financial reasons also gives the natural history museums collection an 
extra high scientific value. Those specimens were collected from different localities; 
depths and habitat. Identifying them will be of a great value in understanding the true 
diversity and population genetics of such an important and widely dispersed group as 
sea cucumber. 
Sea cucumber is harvested all over the world (Conand and Byrne, 1993; Sommerville, 
1993; Ahmed, 2006) and considered to be endangered in many countries (Conand, 
1997; Battaglene and Bell, 1997; Sitwell, 1993; Jenkins and Mulliken, 1999; Conand, 
2000; Kinch, 2002; Skewes et al. 2000; Uthicke and Benzie, 2001 Ahmed, 2006). The 
conservation of current species resrorces is of a very high value.  
In this study we attempted to develop a standard technique for extracting DNA from 
old museum samples and cooked/dried sea cucumber products. All the museum 
samples were collected from the BMNH. All the samples were preserved in 100% 
ethanol, however, according to the technicians in the museum most of them were 
transferred to ethanol recently and that they were preserved in formalin before. No 
record was found to which samples were preserved directly in ethanol.  
Out of 34 specimens that were collected from the museum we only extracted DNA 
from three specimens; Actinopyga mauritiana (Seychelles, 1981); Holothuria atra 
(Indonesia, 1982) and Holothuria atra (Srilanka, 1982). Those specimens showed a 
good yield of good quality DNA that allows the extraction process and PCR 
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amplification. We believed that those specimens were preserved directly in ethanol as 
Ethanol-preserved specimens appeared to give more consistent and accurate results. 
The fragment sizes obtained from the museum samples ranges between 514 bp in case 
of Holothuria atra from Indonesia; to 172 bp and 176 pb for the other samples. Those 
fragments were then aligned with freshly sequenced samples of the same species 
collected from the Red Sea and the data obtained from the gene bank.  
The museum/cooked samples were aligned with the fresh samples(Figures 55 and 56), 
the result shown on a maximum likelihood tree proves that even from a small DNA 
fragment (e.g 170 bp) the species could be aligned and identified when compared to a 
full-length sample of 500-700 bp fragments. A small divergence was found between 
the museum samples collected from different localities and the samples freshly 
collected from the Red Sea coast of Egypt. The differences might be related to 
geographic variations.  
Our results also confirm that only visible DNA yield gave a good PCR amplification, 
and all the rest of the specimens with degraded DNA that was not visible on agarose 
were not good for PCR amplification. The unsuccessful extraction, amplification and 
sequence information of the target genes from the other specimens might be because 
they were formalin-fixed specimens. That indicates the effect of aldehyde fixatives in 
causing significant degradation of DNA over a long period of time. It is an established 
fact that formalin derivatives interfere with many molecular techniques by forming 
complexes or cross-links and hindering PCR amplification of marker sequences. 
Koshiba et al. (1993) reported that extensive DNA degradation occurs during formalin 
fixation because of the presence of formic acid coupled with low pH and low salt 
concentration at normal room temperature. Although reports of DNA extraction from 
formalin-fixed specimens are available (Shiozawa et al., 1992; Cano and Poinar, 
1993; Shedlock et al., 1997; Chase et al., 1998), in most cases the success rate was not 
100% and highly inconsistent with a large number of specimens. This was evident 
from the fact that when PCR products from formalin fixed specimens were viewed in 
agarose gel, smears or ribbon formations of the products were seen because of 
extensive DNA fragmentation. The age of the specimens might be another reason for 
the degredation of the DNA content. As shown from our results only recently 
preserved samples were successful.  
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Not only is the identification of unidentified museum samples of high value for the 
conservation of biodiversity, but also the identification of species from dried and 
cooked food materials. Unfortunately, most of the marine animals, after 
processing/drying will look the same, which makes it very difficult for the 
conservation officers to be able to identify them and therefore not to be able to control 
the illegal trade of endangered species. In order to conserve and manage wildlife, a 
number of international, national and local laws have been implemented to protect 
these natural resources from over-exploitation (e.g. Committee on the International 
Trade of Endangered Species of Wild Flora and Fauna, CITES). Enforcing these laws 
and international obligations largely falls to conservation officers who are 
increasingly making use of molecular tools and population genetic principles in their 
wildlife forensic investigations (Randi, 2003; Kyle and Wilson, 2007). In this study 
we attempted to develop a standard technique for DNA extraction and PCR 
amplification of dried/cooked sea cucumber materials in order to help conservation 
officers in identifying the commercial species of sea cucumber using molecular 
techniques when those animals are processed.  
In our experiment it was hard to obtain cooked materials in either the UK or Egypt; 
but, we tried to mimic the process in the lab to obtain dried sea cucumber products 
that then were subjected to DNA extraction and PCR amplification. Out of four 
commercial sea cucumber species that were used for the experiment including; 
Holothuria scabra, Holothuria fuscogilva, Holothuria nobilis and Actinopyga 
mauritiana but only three samples gave a good visible DNA yield that then gave 
successful PCR amplification. H.scabra; H.nobilis and H.fuscogilva, the fragment 
sizes were 172 - 176 bp, while no DNA was obtained from A.mauritiana. The reason 
for the poor DNA content of the cooked materials might be related to the bad 
preservation of the samples used in the cooking process. All the samples were 
collected from the Red Sea in 2001 frozen first then transferred to formalin then 
transferred again to OPRESOL solution for more than 4 years, the negative effect of 
formalin discussed earlier might be the reason for the poor result. However, the result 
is promising considering that all the cooked and dried sea cucumber materials are 
usually processed from freshly-collected animals. The techniques, if used, would be 
successful in order to identify the animals when comparing them to the freshly 
sequenced species. The fragments of H.scabra; H.nobilis and H.fuscogilva, were 
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aligned with about 600 bp fragment of the same species collected from the Red Sea. 
All the species were aligned perfectly with the fresh samples. That demonstrated the 
fact that using a short fragment of the cytochrome oxides I gene is a reliable method 
of identifying the dried and badly preserved sea cucumber species and will in future 
be a useful tool for the successful policing of fishing.  
6.5- Conclusion  
One of the most important aspects of wildlife forensics is the ability to identify the 
species of interest based on traces of biological material or old preserved materials. It 
was demonstrated by our study that using a short fragment of the cytochrome oxidase 
I gene is a reliable method of identifying the dried and badly preserved sea cucumber 
species. As the technique is fast and straightforward, it can be recommended for use 
in exporting port food control laboratories. Although it is expected that current cases 
requiring species identification will rely predominantly on COI reference sequences 
and GenBank BLASTn tools at present, the continued submission of ‗barcode‘ data 
should eventually lead to COI becoming a more powerful tool than existing markers 
in terms of data quality and quantity. 
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Two individuals of Holothuria leucospilota photographed by M.I.Ahmed from Red 
Sea  
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Sea cucumbers are one of the five classes of echinoderms (Gilliland 1993; Reich 
1999; 2001) they live in almost every part of the marine habitat from the intertidal to 
the deep ocean trenches and from the polar to the tropical regions. Seacucumber are 
the second most diverse echinoderm class, with some 200 described genera containing 
more than 1600 species (Smiley & Pawson, 1990). The body lacks arms, mouth and 
anus are located at opposite poles and the ambulacral and interambulacral areas are 
arranged around the polar axis, which is lengthened to give the typical elongated 
cucumber shape. Unique among echinoderms, Holothuroids can be holopelagic 
(floating in the water column) (Miller & Pawson, 1990).  
Sea cucumbers have great importance for humans as they have been used as food in 
several parts of the world since the 18th century. Sea cucumbers are consumed either 
raw or after very simple preparation. The commercial value of a species is generally 
determined by its size and the thickness of the body wall. Species of high value such 
as Holothuria scabra (sandfish) Holothuria nobilis (black teatfish) and Holothuria 
fuscogilva (white teatfish) tend to be fished preferentially. Medium value species 
includes the genus Actinopyga and other shallow water tropical species fall into the 
low- or no- value category (Conand, 1990). Chinese studies reveal that sea cucumbers 
also contain saponin glycosides. These compounds have a structure similar to the 
active constituents of ginseng, ganoderma, and other famous tonic herbs. Additional 
Chinese studies indicate anticancer properties of both the sea cucumber saponins and 
the polysacchrides (Jiansan and Jiaxin, 2001). These modern studies confirm that sea 
cucumber can be used as a tonic and nutrient supplement.  
Because of its nutrition and medicinal value sea cucumbers have been fished around 
the world. Sea cucumber fisheries are based on about thirty species amongst more 
than one thousand existing holothurians. Beche-de-mer fisheries have a long history 
(Conand, 2001). During the 18th and 19th centuries, traders collected them in a wider 
area with a "boom and bust" pattern and overexploitation started in several places. Yet 
these fisheries are still poorly documented and, in many cases, not managed. The life 
history, behavior and the ecology of commercial sea cucumber species populations 
are poorly documented. Little information is available about the larval growth 
requirements; stages; recruitment; mortality and growth. Many species appear to be 
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slow-growing and very vulnerable and the stocks are therefore fragile. This basic 
biological knowledge is also needed for any conservation program.  
Not only is little information available on the biology and behavior of sea cucumbers, 
but also with very long-standing history of sea cucumber taxonomy, basic questions 
even at higher taxonomic levels on the classification and evolution remain 
unanswered. The identification of all genera and species of Holothuroids depends 
almost entirely on the general body morphology; presence and positioning of tube feet 
and papillae; shape, position and number of tentacles; presence of tentacle ampullae; 
gross and fine morphology of the calcareous ring; number of tufts of gonad; and 
shape, size, distribution, abundance and position of microscopic ossicles from various 
tissues are the main characters used for identifying and classifying holothuroids 
(Pearson, 1914; Deichmann, 1958; Rowe; and Clark and Rowe, 1971). The method is 
time consuming and requirse a high level of expertise in order to correctly identify the 
specimen under investigation. In addition it proves to be insufficient to resolve the 
identification of some of the more problematic sea cucumber species. A few examples 
are discussed in earlier chapters of this thesis relating to Pearsonthuria graeeffi; 
Holothuria nobilis; Holothuria fuscogilva; Holothuria atra and Actinopyga 
mauritiana. Moreover, the unidentified sea cucumber materials in Natural history 
museums around the globe prove to be a big challenge for the current method for sea 
cucumber identification.  
In order to summarize the long standing question on the taxonomy and identification 
of sea cucumber the following remarks on the current method of taxonomy should be 
taken into consideration; morphological examination and ossicle examination can lead 
to incorrect identification; this approach overlooks morphologically cryptic species; 
morphological keys for identifying sea cucumber are effective only for a particular 
life stage (only adults) and therefore, it is very difficult to identify juveniles or larvae; 
and finally the use of the keys often demands a high level of  expertise. The approach 
that we are looking for is an approach that is able to overcome all those disadvantages 
of using morphological keys.   
Accurate species identification is the core for any conservation or biodiversity project. 
Misidentifying species might lead to under or over estimate the true biodiversity of a 
selected habitat or location, in the case of commercial species it is even more 
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important to correctly identifies species for management and conservation reasons. 
Accurate species identification is not only important for scientist But it has also 
becomes recently important for customs officers in order to control illegal trade on 
protected animals. An easy accurate method of species ID was urgently required.   
The idea of one standard method for identification of animal species was introduced 
by the DNA barcoding project (Hebert, et al 2003; Besansky et al., 2003; Blaxter, 
2004; Hebert and Gregory, 2005; Lorenz et al., 2005; Wheeler, 2005; Will and 
Rubinoff, 2004; Will et al., 2005). The DNA barcoding approach might currently 
represent the best solution for identifying species when their morphology is of limited 
use. Ecologists can take advantage of DNA tools when only hair or small body parts 
left behind by animals are available for species identification. Such an approach is 
now widely used, and is particularly useful for detecting the presence of elusive or 
endangered species. DNA barcoding can be advantageous for monitoring illegal trade 
in animal products. When such products are sold, identification through 
morphological characteristics might no longer be possible. 
 
In this study our morphological examination of the specimens collected from the Red 
Sea coast of Egypt and Gulf of Aqaba resulted on the identification of 18 different 
species of sea cucumber. All species were identified using morphological and spicules 
examination. PCR products were recovered from all species under investigation and 
there was no evidence of the nuclear pseudogenes that have complicated some studies 
employing degenerate COI primers (Williams and Knowlton 2001). The COI 
sequences of sea cucumber possessed a high level of diversity. We demonstrated that 
differences in COI DNA sequences were sufficient to enable the reliable identification 
of sea cucumber specimens. We found that most of the species were unmistakably 
distinguishable from each others because their barcode sequences formed distinct, non 
overlapping clusters in a maximum likelihood analysis. 
Therefore the DNA barcoding technique was successful in identifying sea cucumber 
specimens collected from the Red Sea and clearly distinguished between them. The 
morphological examination also distinguished clearly between the species under 
investigation. However, when comparing the results between molecular and 
morphological examination they were not identical in a few exceptional cases. For 
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example, all the Bohadchians species from the Red Sea and Gulf of Aqaba have 
morphological differences including different colour patterns and small differences in 
the body wall spicules content between them (Samyan, 2003). When the species were 
examined genetically they were all clustered together and formed one distinct clade, 
there was no divergence within or between the three species of Bohadchians collected 
from the Red Sea and Gulf of Aqaba; Bohadchia tenussima, Bohadchia cousteaui and 
Bohadchia marmorata. As the morphological examination showed that they are 
different distinguished species our molecular examination might suggest that they 
might be only morphotypes of the same species or that they only diverged very 
recently from each others. Further investigation is required on the reproductive 
ecology and behaviour of the species complex in order to resolve standing 
identification problems and the use of microsatellite techniques will also help to 
correctly identify the species of the Red Sea Bohadchians.  
Another example of contradiction between the morphological and molecular method 
of sea cucumber identification was the case of Actinopyga crassa.  Morphologically 
there are clear differences between genus Actinnpyga and Bohadchia that is 
represented by the presence of anal hard teeth in the case of Actinopyga (Panning, 
1944) that are replaced by anal soft papillia in the case of Bohadchia (Cherbonnier, 
1954). The spicule differences between the two genera are very small and they are 
almost similar types of spicules in both (Ahmed, 2006 and references within, Sayman, 
2003). The morphological examination of the A.crassa specimen indicates the 
presence of hard anal teeth that place the specimens in the Actinopyga genus; but the 
molecular examination of the COI gene and the maximum likelihood analysis shows a 
different story. A.crassa was clustred within the Bohadchians clade not the 
Actinopyga (samples included 3 different A.crassa specimen collected from different 
localities along the Red Sea and Gulf of Aqaba).  
Both morphological and molecular examination of the specimens was repeated with 
extra care and high precautions to avoid any contamination or bias in the examination 
and the results were the same. A.crassa was clustered with the Bohadchians species 
from the Red Sea not the Actinopyga. Therefore, according to the morphological 
examination A.crassa is an Actinopyga while according to the molecular examination 
A.crassa should be B.crassa and to be relocated to be within the Bohadchia genus not 
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the Actinopyga. Moreover, the use of anal teeth as a distinguishing morphological 
character between the two genera should be reconsidered. From our investigations and 
research on the ecology and behaviour of the species we recommend that it should be 
placed within the Bohadchians not the Actinopyga genus, the colour pattern and the 
ecology of the species even spicules are more similar to Bohadchians species rather 
than Actinopyga that is supported by the maximum likelihood analysis. Further 
investigation is also required to confirm such conclusion; the possibility of a hybrid 
presence should also be taken in consideration. Investigation on reproductive biology 
of the species and nuclear gene microsatlite examination is urgently required to 
resolve the taxonomic problem of A.crassa.  
A few standing questions (disagreements) on the use of morphological characters in 
the taxonomy of sea cucumber were also examined by both our morphological and 
molecular analysis of the sea cucumber specimens collected from the Red Sea; 
including the Holothuria nobilis and H.fuscogilva case. Those two first class 
commercial species are widely distributed around the globe, but the classification of 
them is still problematic. While Rowe (Rowe and Gate, 1995; Massin, 1999; Samyan, 
2003) considers H. fuscogilva as a junior synonym of H. nobilis. On the other hand 
(Charbonnier, 1980a; Mortensen, 1938; Conand, 1981, 1993 and Ahmed, 2006) 
consider them as two different species. Our morphological examination for samples 
collected from the Red Sea and Gulf of Aqaba shows high variability between the two 
species (forms). H. nobilis has a black dorsal side the teats are usually whitish to 
yellow in colour; while H. fuscogilva are grayish- brown dorsally and the teats are 
usually the same colour of dorsal body wall greyish to brown. Our Maximum 
likelihood analysis of the mitochondrial COI gene for both the species collected from 
the Red Sea supported our results that they should be considered as two separate 
species.  
The genetic divergence value between H. nobilis and H. fuscogilva are the same as 
between H. nobilis and H. atra; H. edulis; H. leucospilota and other described 
holothurians from the Red Sea. Our results disagree with considering H. fuscogilva as 
junior synonym of H.nobilis (Rowe, in Rowe and Gate, 1995; Massin, 1999; Samyan, 
2003), and agree that they should be kept as two different species as described by 
Cherbonnier, 1980. Our observations however, disagree with the habitat description 
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for both the species by Cherbonnier (1980), where in the Red Sea and Gulf of Aqaba 
the black teat fish H. nobilis seems to inhabit only shallow waters with a depth range 
between 0-15m deep, while the white teat fish H. fuscogilva seems to rather prefer 
deeper water 10-40m deep (Ahmed, 2006; Lawrence et al, 2004). In conclusion 
morphological; ecological and molecular examination confirms the fact that the two 
species of teat fish should be kept as two separate species. 
Another example in our result for one of the long standing questions in sea cucumber 
taxonomy was the case of Pearsonothauria graeffei (Levin et al, 1984), also called 
Holothuria graeefi (Semper, 1868) and Bohadschia graeffei (Panning, 1929).  The 
juvenile and adult are so different, that they could be mistaken for species belonging 
to different genera (Massin, 1996). In our examination for samples collected from the 
Red Sea no juveniles were found along the study area and the adult were 
morphologically distinguishable from other holothurians, however they have spicules 
content that are similar to both Holothurians and Bohadchians. This was the base of 
the conflict to place the species within Holothurians or Bohadchians and finally the 
species were placed on a separate genus on its own. The molecular examination of the 
species overcomes two major problems; the first is that DNA barcoding technique 
does not depend on the life stage of the animal so it will be the same DNA for both 
juveniles and adults. The second problem will be that barcoding deals with the DNA 
of the animal not the morphological or spicules examinations that might be 
misleading sometimes. Our molecular analysis result shows that all the P.graeefi 
specimens collected from the Red Sea were clustered together forming separate clades 
from all Holothurians and Bohadchians species, the result confirms the fact that 
P.graeefei should be placed in a separate genus from Holothurians and Bohadchians. 
More research is required using nuclear genes technique in order to clarify the 
taxonomy of the species and why it harbour characters for both Holothuria and 
Bohadchia and the possibility of the species being a hybrid.   
Not only had the molecular examination helped in species identification but also in 
the discovery of cryptic species complexes along the Red Sea coast. Cryptic species 
are those species that are reproductively isolated from each other despite being 
morphologically similar (O‘Loughlin et al., 2002, 2003). Several members of the 
Holothuriidae are thought to be cosmopolitan species with a very wide range of 
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habitat and depth preferences, from reef flat up to >30m and from coral reef to sandy 
habitat.  
 In order to test such a theory about the presence of cosmopolitan sea cucumber 
species, H. atra was chosen for detailed examination. H.atra is a common reef species 
in the Red Sea and Gulf of Aqaba. It has a wide range of habitat preferences including 
coral reef; seagrass beds and sandy habitats (Samyan, 2003, Ahmed, 2006). The 
species also has a wide range of depth preferences ranging from 0 to 25m deep 
(Conand, 2001; Lawrence, et al 2004; Ahmed, 2006). Morphologically the species is 
easy to identify, characterized by dark black body usually release red stain when 
handed. In our study we collected H.atra from a wide range of habitat and localities 
and we examined all specimens both morphologically and genetically. 
Our morphological and spicule examination results showed no differences between 
specimens collected from the Red Sea and Gulf of Aqaba, nor any differences 
between specimens collected from different habitats. However, molecular analysis of 
the COI gene of Holothuria atra showed a different story. There was a clear 
divergence between all the specimens collected from the Red Sea and those collected 
from the Gulf of Aqaba. Moreover, divergences were found between specimens 
inhabiting different habitats. All specimens collected from coral habitat were 
clustered together, the same for those collected from seagrass and sandy habitat.  The 
use of molecular markers across a wide range of marine invertebrate taxa has shown 
that cryptic species complexes are very common (e.g. Knowlton, 1993; Gòmez, et al 
2007; Triantafillos & Adams, 2005; Casu & Curini- Galletti, 2006).   
Our molecular analysis results indicate limitied or no gene flow between the Red Sea 
and the Gulf of Aqaba. Several factors may limit gene flow in marine animals with 
planktonic larvae, and these factors may be divided into physical and biological 
factors. Physical factors includes; temperature; salinity; currents and tidal waves 
(Bucklin, 2000; Behrens Yamada, 1977; Newman & McConnaughey, 1987; 
Richmond, 1990; Palumbi, 1994; Rocha-Olivares & Vetter, 1999; Hoare et al., 2001). 
These physical barriers will limit the dispersal of the larvae therefore the species will 
not be able to spread or settle in new habitat. The physical barriers will also prevent 
interbreeding between species inhabiting different ecological niches. The biological 
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factors are represented by the reproductive isolation that could be pre-mating or post-
mating isolation.  
 
In the Red Sea there is no visible physical barriers apart from the shallowness of the 
Tiran stratus, between the Red Sea and the Gulf of Aqaba. Salinity and temperature 
are nearly the same in both the Gulf and the Red Sea. Even when considering that the 
shallow entrance of the Gulf may limit the circulation of current and therefore larval 
movement from the Red Sea to the Gulf of Aqaba this will only explain half of the 
story that is the divergence between the H.atra population in the Red Sea and the Gulf 
of Aqaba. However, it will not explain the divergence between species inhabiting 
different habitats within the same sector.  
 
Therefore, it might not be a physical factor that is controlling the distribution of 
H.atra species complex along the Coast of Egypt. Reproductive isolation might be the 
reason. Looking at the reproductive strategy of H.atra the species reproduces both 
sexually by producing eggs and sperms in the water column where external 
fertilization occurs and asexually by binary fission (Uthicke, 2001).  
 
Sexual reproduction is responsible for species dispersal in this case both eggs and 
sperms are releases in the water column where external fertilization occurs, chemical 
recognition controls not only the settlement preferences in larvae (Morse, et al. 1988), 
but also the choice of mate (Frost, and Fleminger 1968; Knowlton, 1986; Stanhope, et 
al. 1992; Weinberg, et al. 2003). Hence, the egg/sperm will have the ability to choose 
their mate and the larvae will have settlement preferences. From our maximum 
likelihood analysis result we found that H.atra specimens from different 
localities/habitats are genetically distinict. This genetic divergence maybe an evidence 
of reproductive isolation, as it reflects the accumulation of genetic differences.  
From our result it is clear that we have sufficient genetic distance between all the 
H.atra population in the Red Sea this might indicate that they are reproductively 
isolated. Therefore, we are not dealing with one species with a cosmopolitan 
distribution, but rather a cryptic species complex with more than one species that are 
morphologically similar. For further confirmation of our results samples from outside 
the Red Sea were sequenced and compared to our sequences in a maximum likelihood 
analysis. The samples were collected from Australia; Indonesia and Sri Lanka, when 
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analyzed all sequences formed a distinct clade from each other with very small 
genetic distance between them. This also might prove that H.atra is not a 
cosmopolitan species but rather a complex of cryptic species. 
 
The small genetic distance indicates recent divergence. Only after the formation of the 
Red Sea, those H.atra larvae entered the Red Sea from the Indian Ocean, and as coral 
reef and seagrass takes longer time to develop, the only available habitat at the time 
was the sandy habitat. Therefore, all the larvae might have settled on the sandy 
habitat, later on with the formation of other habitats the new larvae of the sandy 
H.atra start to explore new habitats and new food resources by settling in new habitat. 
This was also suggested on coral reef fishes, that they are generally derived from non-
coral reef habitats, slowly colonizing new emerging habitats, an event followed by 
quick speciation events in a new set of ecological niches (Bellwood and Wainwright 
2002). After the settlement in the new habitat all the H.atra individuals start to adapt 
to the new habitat and by time they become genetically isolated from their ancestor in 
sandy habitat in the Red Sea, which by their way became isolated from their ancestor 
in the Indo-Pacific. The results are hard to explain as the only solid evidence we have 
are the maximum likelihood analysis result that proves that they are genetically 
isolated, no information was available of the reproductive strategies of H.atra along 
the Red Sea coast of Egypt. Further research is required in order to fully understand 
the H.atra cryptic species complex in the Red Sea.  Further research is also required 
on other sea cucumber species that are thought to be cosmopolitan in the Red Sea and 
outside. In order to investigate wither they are also composed of a cryptic species 
complex or not, such research will add a great value in understanding the true 
diversity of sea cucumber and will have a great effect on conservation projects.  
 
Another finding of our research of studying sea cucumber species of the Red Sea 
morphologically and using DNA barcoding technique was the separation of a new 
species of sea cucumber, Actinopyga sp.nov, from what was thought to be a 
morphotype of Actinopyga mauritiana. The species is one of the commercial sea 
cucumber species and has a wide range of distribution it also has a wide range of 
habitat preferences (coral reef and seagrass) (Samyan 2003; Massin, 1996 and lain, et 
al 2000) and depth preferences (shallow and deep water) (Samyn, 2003; Massin, 
1993; Lain, et al 2000; Conand, 1993, 1996). More than five morphotypes were 
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available for the same species in the collection of the BMNH, all the morphotypes are 
different in colour and have been collected from different habita/localities/depths. The 
fact that the two morphs in the Red Sea and Gulf of Aqaba are different in colour; 
habitat preferences and depth preferences raises the questions whether they are 
actually the same species? and whether a species could be adapted to survive in such a 
wide range of habitat/depth preferences?  
Samples were collected from the two morphs from both the Red Sea and the Gulf of 
Aqaba, covering different habitats and depths in order to answer the previous 
questions. Samples were examined morphologically and genetically. The 
morphological examination results showed great differences between the two morphs 
of A.mauritiana. Morph1 is characterized by red-greenish dorsal side and grey ventral 
side, and inhabits only the top of the reef flat in very shallow exposed reefs. Morph2 
was characterized by dark chocolate brown dorsal surface and white-pink ventral 
surface, and usually inhabits sandy lagoons and seagrass beds. The spicule 
examination of the two morphs showed that they both have rods and rosettes 
matching the spicules description of A.mauritiana in the literature (Samyn, 2003; 
Massin, 1993; Lain, et al 2000; Conand, 1993, 1996), however the spicule of the 
second morph are complex and more elongated. 
Our molecular examination included both the mitochondrial gene COI and the nuclear 
ITS gene in order to investigate the genetic differences/similarity between the two 
morphs. In a maximum likelihood analysis both the gens shows clear divergence 
between the two morphs with genetic distance between the two morphs that are equal 
to the same distance between other clearly identified Holothurian species. The two 
morphs were unambiguously distinguishable from each others as they formed distinct, 
non-overlapping clusters in maximum likelihood analysis. The genetic distance 
between the two morphs proves they were reproductively isolated for a long time and 
that the divergence is not recent, it is as old as the divergence between other 
recognized Holothurians species pairs and proves with no doubt that they are actually 
two different species rather than one species with different morphotypes.  
The management of Seacucumber fishery is not an easy task with so many species 
targeted by fishermen and the animal being easy to collect. The fishery moves to 
overexploitation very quickly (Conand and Byrne, 1993). The sea cucumber fishery 
has always been described as a boom-and bust industry as fishery start high and then 
collapse quickly (Conand, 1997; Battaglene and Bell, 1997; Sitwell, 1993; Jenkins 
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and Mulliken, 1999; Conand, 2000; Kinch, 2002; Skewes et al. 2000; Uthicke and 
Benzie, 2001). Another challenge that faces the stakeholder was to identify the 
animals after processing. In Egypt for example the sea cucumber fishery was banned 
in 2002 (Ahmed, 2006), illegal fishing of sea cucumber continues despite the ban, as 
it is very hard to monitor all the coast of Egypt for illegal trade the government and 
the environmental agencies concentrated their efforts on the ports. When the animal 
isa live or not processed it is easy to identify, not necessarily to species level but just 
as sea cucumber as they were all banned. However when animals are processed it is 
impossible to identify even as sea cucumber. Seacucumber products were exported in 
huge amount out of the country as dried fish (Ahmed, 2006; Personal observation) 
because environmental officers were unable to identify them after being processed.   
In order to conserve any species, not only sea cucumber, accurate identification is a 
must. One of the main aims of our study was to help officials to produce a sustainable 
management plan in order to protect the sea cucumber resources of the Red Sea and 
Gulf of Aqaba. One of the challenges we faced was the identification of animals when 
processed or only small parts of the animals are available. Another broader aim was to 
produce a technique that will enable easy, accurate and fast identification of badly or 
long preserved Sea cucumber specimens. The natural history museums around the 
world harbor a wealth of un-described sea cucumber materials. The time consuming 
identification process and high level of expertise that is needed to correctly 
identifying those using morphological characters are factors that make sure they stay 
as unidentified specimens. The difficulty of global sampling of sea cucumber species 
because of political and financial reasons also gives the museum collection an extra 
high scientific value. Those specimens were collected from different localities; depths 
and habitat. Identifying them will be of a great value in understanding the true 
diversity of Seacucumber.  
We attempted in our study to develop a standard technique, that will be fast; cheap; 
accurate and would not require high level of expertise to be used in order to correctly 
identify museum samples for scientific use and cooked materials for environmental 
officers and customs officers at ports. The use of morphological keys will not be of a 
good use in this situation, as mentioned earlier they require high level of expertise and 
they will be of no use if the animal is processed or only small pieces are available. 
Molecular techniques will be easier; faster and more accurate to be used for the 
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identification process. We attempted to develop a standard technique of DNA 
barcoding to extract DNA from old/degraded materials; PCR amplification; sequences 
and therefore analysis for species ID. 
Primers were designed to amplify only small fragments of the DNA, and high 
precautions were taken in all the extraction, PCR and sequencing process. Our 
technique was successful in extracting, amplifying and sequencing of old/fragmented 
DNA from museum specimens and cooked materials. All the cooked materials were 
successfully identified and our techniques prove to be very useful and will be of a 
great help to the environmental officer in the control of the illegal trade of Sea 
cucumber materials. In the case of the old materials from museum collections, some 
samples were successful, while others were not probabley because of the presence of 
some inhibitor including Formalin. However, with some few extra modifications the 
technique will be successful in dealing with such limitation.  
The only other limitation for our technique will be the identification of the unknown, 
which is more like a limitation for the DNA barcoding technique as a whole as a 
reference sequence is essential for identifying the animal. However, new sequences 
are available and added to the genbank at increasing rates. The placing of the 
unknown to their closest relative at least will be of a great help to the taxonomy and 
classification of Seacucumber, and it will save scientist working with traditional 
taxonomy a lot of time and effort.            
Conclusion  
 
In conclusion the DNA barcoding techniques proves to be a very good tool in Sea 
cucumber identification, the technique was also capable of detecting cryptic species 
complex and with the help of morphological examination it was able to help in the 
discovery of new species. We also recommend that color and spicules still be 
recorded and described, for we have shown here that, when considered in greater 
detail than is usually required in sea cucumber taxonomy, they can indicate 
monophyletic groups.  
Further research is required in this very interesting group of animals, more samples 
need to be examined and maybe in more details using molecular techniques, with the 
possibility of hundreds of new species to be discovered that will add to the global 
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knowledge of biodiversity and might be of great use to humanity in term of food or 
medicine resources. Finally and more importantly the accurate identification of the 
true biodiversity of Seacucumber will help in the conservation of the Seacucumber 
resources not only in the Red Sea but around the world.    
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Anatomy of a common sea cucumber, Redrawn from Barnes 1980.  
Table-1 Genbank accession numbers for all the sequenced Seacucumber species from 
Red Sea. 
 
bankit number name 
Accession 
numbers 
bankit1265816 Actinopyga crassa GQ920750 
bankit1265818 Actinopyga crassa GQ920751 
bankit1265612 Actinopyga mauritiana GQ920748 
bankit1265613 Actinopyga mauritiana GQ920693 
bankit1265875 Actinopyga mauritiana GQ920776 
bankit1265876 Actinopyga mauritiana GQ920777 
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bankit1265878 Actinopyga mauritiana GQ920778 
bankit1265879 Actinopyga mauritiana GQ920779 
bankit1265689 Actinopyga sp nov. GQ920684 
bankit1265882 Actinopyga sp.nov GQ920780 
bankit1265883 Actinopyga sp.nov GQ920781 
bankit1265914 Bohadschia cousteaui GQ920782 
bankit1265820 Bohadschia marmorata GQ920752 
bankit1265822 Bohadschia marmorata GQ920753 
bankit1265824 Bohadschia marmorata GQ920754 
bankit1265825 Bohadschia marmorata GQ920755 
bankit1265826 Bohadschia marmorata GQ920756 
bankit1265830 Bohadschia tenuissima GQ920757 
bankit1265831 Bohadschia tenuissima GQ920758 
bankit1265833 Bohadschia tenuissima GQ920759 
bankit1265834 Bohadschia tenuissima GQ920760 
bankit1265466 Holothuria atra GQ920772 
bankit1265482 Holothuria atra GQ920780 
bankit1265741 Holothuria atra  GQ920703 
bankit1265742 Holothuria atra GQ920704 
bankit1265743 Holothuria atra GQ920705 
bankit1265744 Holothuria atra GQ920706 
bankit1265746 Holothuria atra GQ920707 
bankit1265748 Holothuria atra GQ920708 
bankit1265750 Holothuria atra GQ920709 
bankit1265751 Holothuria atra GQ920710 
bankit1265752 Holothuria atra GQ920711 
bankit1265753 Holothuria atra GQ920712 
bankit1265754 Holothuria atra GQ920713 
bankit1265755 Holothuria atra GQ920714 
bankit1265756 Holothuria atra GQ920715 
bankit1265758 Holothuria atra GQ920716 
bankit1265759 Holothuria atra GQ920717 
bankit1265760 Holothuria atra GQ920718 
bankit1265761 Holothuria atra GQ920719 
bankit1265763 Holothuria atra GQ920720 
bankit1265764 Holothuria atra GQ920721 
bankit1265765 Holothuria atra GQ920722 
bankit1265766 Holothuria atra GQ920723 
bankit1265767 Holothuria atra GQ920724 
bankit1265768 Holothuria atra GQ920725 
bankit1265769 Holothuria atra GQ920726 
bankit1265770 Holothuria atra GQ920727 
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bankit1265772 Holothuria atra GQ920728 
bankit1265773 Holothuria atra GQ920729 
bankit1265774 Holothuria atra GQ920730 
bankit1265776 Holothuria atra GQ920731 
bankit1265778 Holothuria atra GQ920732 
bankit1265781 Holothuria atra GQ920733 
bankit1265783 Holothuria atra GQ920734 
bankit1265787 Holothuria atra GQ920735 
bankit1265791 Holothuria atra GQ920736 
bankit1265794 Holothuria atra GQ920737 
bankit1265796 Holothuria atra GQ920738 
bankit1265798 Holothuria atra GQ920739 
bankit1265801 Holothuria atra GQ920740 
bankit1265802 Holothuria atra GQ920741 
bankit1265804 Holothuria atra GQ920742 
bankit1265805 Holothuria atra GQ920743 
bankit1265806 Holothuria atra GQ920744 
bankit1265808 Holothuria atra GQ920745 
bankit1265809 Holothuria atra GQ920746 
bankit1265811 Holothuria atra GQ920747 
bankit1265812 Holothuria atra GQ920748 
bankit1265814 Holothuria atra GQ920749 
bankit1265859 Holothuria edulis GQ920767 
bankit1265862 Holothuria edulis GQ920768 
bankit1265863 Holothuria edulis GQ920769 
bankit1265864 Holothuria edulis GQ920770 
bankit1265865 Holothuria edulis GQ920771 
bankit1265866 Holothuria fuscogilva GQ920772 
bankit1265868 Holothuria fuscogilva GQ920773 
bankit1265870 Holothuria fuscogilva GQ920774 
bankit1265872 Holothuria fuscogilva GQ920775 
bankit1265701 Holothuria impatiens GQ920687 
bankit1265707 Holothuria impatiens GQ920688 
bankit1265734 Holothuria leucospilota GQ920698 
bankit1265735 Holothuria leucospilota GQ920699 
bankit1265737 Holothuria leucospilota GQ920700 
bankit1265738 Holothuria leucospilota GQ920701 
bankit1265740 Holothuria leucospilota GQ920702 
bankit1265850 Holothuria nobilis GQ920709 
bankit1265852 Holothuria nobilis GQ920711 
bankit1265853 Holothuria nobilis GQ920712 
bankit1265854 Holothuria nobilis GQ920713 
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bankit1265855 Holothuria nobilis GQ920714 
bankit1265856 Holothuria nobilis GQ920715 
bankit1265918 Holothuria scabra GQ920783 
bankit1265921 Holothuria scabra GQ920784 
bankit1265731 Holothuria sp GQ920758 
bankit1265733 Holothuria sp GQ920759 
bankit1265715 Holothuria spinefra GQ920694 
bankit1265716 Holothuria spinefra GQ920695 
bankit1265710 Pearsonothuria graeffei GQ920689 
bankit1265709 Pearsonothuria graeffei GQ920690 
bankit1265711 Pearsonothuria graeffei GQ920691 
bankit1265712 Pearsonothuria graeffei GQ920692 
bankit1265713 Pearsonothuria graeffei GQ920693 
bankit1265693 Stichopus hermanni GQ920685 
bankit1265695 Stichopus herrmanii GQ920686 
bankit1265923 Synaptula reciprocans GQ920785 
bankit1265925 Synaptula reciprocans GQ920786 
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- Qiagen DNA easy Tissue Kit 
Manufacturer's protocol; small parts of the animal tentacles were cut into small 
pieces, and then placed in a 1.5 ml microcentrifuge tube, and 180 µl of buffer ATL 
was added. 20 µl Proteinase K was then added, mixed by vortexing, and incubated at 
56ºC until the tissue was completely lysed. Samples were vortexed occasionally 
during incubation to disperse the sample. Then samples were briefly centrifuged the 
1.5ml microcentrifuge tube to remove drops from the inside of the lid. 200 µl buffer 
AL was added to the sample, mixed by pulse-vortexing for 15s, and incubated at 70º 
C for 10 min. The 1.5 ml microcentrifuge tube to remove drops from the inside of the 
lid. 200 ųl ethanol (96-100%) was added to the sample, and mixed by pluse-vortexing 
for 15 s. after mixing, briefly centrifuge the 1.5ml microcentrifuge tube was briefly 
centrifuge to remove drops from the inside of the lid. Carefully the mixture from step 
4 (including the precipitate) was applied to the QIAamp spin column (in a 2 ml 
collection tube) without wetting the rim. Close the cap, and centrifuge at 6000 x g 
(8000 rpm) for 1 min. place the QIAamp spin column in a clean 2 ml collection tube 
and discard the tube containing the filtrate. Carefully open the QIAamp spin column 
and add 500 µl buffer AW1 without wetting the rim. Close the cap, and centrifuge at 
8000 rpm for 1 min. place the QIAamp spin column in a clean 2 ml collection tube 
and discard the tube containing the filtrate. Carefully open the QIAamp spin column 
and add 500 µl buffer AW2 without wetting the rim. Close the cap, and centrifuge at 
full speed 14,000 rpm for 3 min. Place the QIAamp spin column in a clean 1.5ml 
microcentrifuge tube and discard the tube containing the filtrate. Carefully open the 
QIAamp spin column and add 200 µl buffer AE or distilled water. Incubate at room 
temperature for 1 min, and then centrifuge at 8000 rpm for 1 min.  
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Actinopyga crassa spicules; A; B dorsal body wall, C,D verntral Body wall 
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Actinopyga sp.nov.spicules A;B dorsal body wall, C;D ventral body wall  
 
 
 
  
 
 
  
 216 
 
A 
 
 
 
 
B 
 
  
 217 
 
 
C 
 
 
 
D 
 
Actinopyga mauritiana spicules; A; B dorsal body wall; C;D ventral body wall 
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Bohadchia cousteaui spicules; A; B dorsal body wall; C;D ventral body wall 
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Bohadchia marmorata spicules; A; B dorsal body wall; C;D ventral body wall 
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Bohadchia tenussima spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria arinciula spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria atra Red Sea spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria edulis spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria fuscogilva spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria leucospilota spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria nobilis spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuria scabra spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuris spinefra spicules; A; B dorsal body wall; C;D ventral body wall 
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Holothuris sp. Spicules; A; B dorsal body wall; C;D ventral body wall 
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Pearsonthuria graeefei spicules; A; B dorsal body wall; C;D ventral body wall 
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Synapta maculate spicules; A; B dorsal body wall; C;D ventral body wall 
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Synaptula sp. Spicules; A; B dorsal body wall; C;D ventral body wall 
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Stichopus herrmanii spicules;  A; B dorsal body wall; C;D ventral body wall 
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Map of collection sites along the read sea coast and Gulf of aqaba 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map 1- Maps (A and B) for the Northern sector of the Red Sea coast and Gulf of 
Aqaba showing the sampling sites. 
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Map 2- Maps (A, B and C) for the Southern sector of the Red Sea coast of Egypt 
showing the sea cucumber sampling sites. 
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Key to the Egyptian Red Sea Holothuroidea  
1- Pedicles and papillae well developed. Tentacles leaf or shield shaped (peltate) 
………………………………………………………………………Aspidochirotida  
 - Pedicles and papillae either lacking or present only around the anal opening. Body slender 
and more or less elongated, often worm-shaped, diameter similar 
throughout……………..………………………………………..…………………Apodida 
Order: Aspidochirotida 
Key to the families of the order  
- Gonads in two tufts, one each side of the dorsal mesentery: spicules often tables 
sometimes with C-shaped bodies, or else dichotomously branching rods or simple 
grains, no buttons………………………………..…………………….Stichopodidae 
- Gonads in one tuft, on the left side of the dorsal mesentery: spicules usually tables 
and buttons, sometimes rosettes or branching rods but never C-shaped 
bodies………………………………………………………………...Holothuriidae 
Family: Stichopodidae 
Genus: Stichopus 
Key to the species of Stichopus 
1- Spicules include large tack-like tables in dorsal papillae. Colour usually vary from 
grey to brown……………………….……………………………...………..horrens 
  -   No large tack-like table spicules in dorsal papillae. Colour is primarily grey with 
darker brownish spots and net- like tracings on the upper surface …………....hermanii 
Family: Holothuriidae 
Key to the Genus of the family 
1- Five conspicuous calcified teeth surrounding the anus………………… Actinopyga 
- No conspicuous teeth…………………..…………………………………………..2 
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2- Anal opening is surrounded by five groups of papillae: spicules more or less 
incomplete rosettes; tables and buttons never present..................................... Bohadschia 
   - The anal opening is not surrounded by five groups of anal papillae ………………3 
3- Tables nearly always present; rosettes rarely present and then only in combination with 
tables……………………………………….……………………..…….Holothuria 
- No true table present ………………………………………………………………….4 
4- Spicules comprise small rosettes that can look like perforated plates and knobbed 
pseudo-tables, tentacles with rosettes only……………………………..Pearsonothuria  
Genus: Actinopyga  
1- Has 20 tentacles. Spicules more or less modified rods, or rosettes, body uniformly 
brown in colour with no difference between the dorsal and ventral surface 
………..………………………………………………...…………… A. crassa 
2- Has 25 or more tentacles, spicules including ovate or spherical grains, the body is 
brown on the dorsal surface  and white on ventral…..…………...……A. mauritiana 
Genus: Bohadschia 
1- The body is uniformly dark brown, slightly lighter ventrally; ventral body wall with 
perforated grains; dorsal body wall with cross shaped rods and complex rosettes 
……………………………………………………...……………………B. cousteaui 
-Body with two or more different colours………………...…………...…………...2 
2- The body is differentiated in to dark brown dorsal surface and light brown ventral 
surface. Spicules consist of perforated plates and very small rosettes. 
…………………………….………………………..………………...…B. tenussima 
- Body colour different to this ……………………………………………………..3 
3-  Body colour yellow-white ventrally and laterally, brownish dorsally, spotted by 
numerous small brown spots corresponding to the tube feet, spicules consist of grains 
and rosettes. …………………………..…………...……………B. marmorata 
 
  
 256 
Genus: Holothuria 
Key to the Subgenera of Holothuria in the Egyptian Red Sea. 
1- Tables well developed; always in combination with rods or rosettes; never with buttons or 
pseudo buttons ……………………………………………………………………………....2   
- Tables usually well developed; always in combination with buttons or pseudo buttons; never 
with rosettes or rods in the body wall……………..…………………………………...3 
2- Tables in combination with rosettes only, never with rods in the body wall.......Halodeima 
- Tables in combination with spinose rods, never with rosettes…………..….Semperothuria 
3- Table disc usually squarish or octagonal in outline, perforated by a large centrally placed 
cruciform hole and a variable number of regular peripheral holes………..……..Stauropora 
- Tables variously developed, disc never perforated by a large centrally- placed cruciform 
hole ………………………………………………………………………………………….4 
4- Buttons of the body wall knobbed or rugose …………………………………………….5 
- Buttons of the body wall generally smooth ……………………………………………….7 
5- Squat or tack like tables usually present, table disc spinose………………...Theelothuria 
- Tables never squat or tack like, always very robust ……………………………………....6 
 6- table disc smooth, spire variable in length terminating in a dense crown of spines; buttons 
mostly modified into hollow fenestrated ellipsoids, some simple knobbed buttons may also 
present ……………………………………………………………………………Microthele 
- Buttons never modified into spheres; buttons simple with moderate-sized irregularly 
arranged knobs and 3-6 pairs of relatively large holes ………………………       Metriatyla 
7- Table disc smooth, buttons smooth, regular in outline …………………..….Thymiosycia 
- Table disc spinose, buttons generally more irregular, often twisted, perforated by 3-6 pairs 
of holes ………………………………………………………………….….Mertensiothuria 
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Key to the species of Halodeima in the Egyptian Red Sea 
1- Body colour in life completely black ………………………………..….Holothuria  atra 
-  Body colour in life chocolate brown to dark grey dorsally; pink to red 
ventrally..……………………………………………………………….....Holothuria edulis 
Key to the species of Metriatyla in the Egyptian Red Sea 
1- Distinct rows of conical extensions on ventral and dorsal body wall 
………………………………………………..………………...………Holothuria albiventer 
-  No distinct rows of conical extensions on ventral and dorsal body wall, body wall colour 
vary from brownish- green to greyish to black dorsally, with transverse white bands, ventral 
surface vary from grey to whitish ………………………….……………Holothuria  scabra 
Key to the species of Microthele in the Egyptian Red Sea 
1- Body colour is uniformly black with distinctive orange teats on the sides of the body, 
cuvierian organs present ……………………………………….…..……Holothuria  nobilis 
-  Body colour mottled with white, varying from brown to grey or cream and roughly spotted 
with brown; no cuvierian organs present …………………………….Holothuria fuscogliva 
The following subgenera are currently only represented by one species in the Egyptian 
Red Sea coast. 
1 - Stauropora  
- Body colour grey-green with homogeneously distributed dark spots. Cuvierian tubules very 
thick, white and very readily ejected ……. ……………………….Holothuria  fuscocinerea 
2 - Mertensiothuria 
- Body colour uniformly black or dark brownish-red. Tables rarely reduced; buttons variously 
developed……… …………...……………………………Holothuria leucospilota 
3 - Thymiosycia  
- Body fairly stout, body colour is very variable, usually more or less molted grey or brown. 
Buttons regular, with 3 pairs of large holes…………………………….Holothuria impatiens  
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4 - Theelothuria 
- Body colour brownish on the dorsal surface with dark brown spots and a lighter ventral 
surface. Ordinary tables with low squarish tops having few coarse spines; numerous huge 
tack-like tables in papillae ……………………………………………...Holothuria  spinifera 
Genus : pearsonothuria 
- Body colour pale cream with numerous brown patches ………………………..P.graeffei   
Order: Apodida 
Family: Synaptidae 
Genus: Synapta 
- Large species; live specimens attain two to three meters in length by 3-5cm in diameter, 
body olive green with five olive-brown strips ………………………………….S.maculata  
Genus: Synaptula 
- Small to moderate species, vermiform bodies reaching lengths up to 40cm, usually 10-13 
tentacles, each with 4-30 pairs of digits ……………………………………….S. reciprocans 
Key modified from Ahmed, 2006  
 
 
 
 
